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ISOLATION OF CHOLERA VIBRIOS FROM HOOOHLY 
■ Rm5R WATER AT CALCUTTA.* 

/ 

BY 


G. PANJA. iLJi. (C’al.). B.Bact. fLond.), F.x.i., 


AND 


S. K. GHOSH, B.sc. 

{From the Department of Bacteriology & Pathology, School of 
Tropical Medicine, Calcutta.) 


[Received for publication, August 31, 1940.] 


Overgrowth by non-agglutinabk rios has hitherto been a 

serious inconvenience in the attempt to ■ ’ ' •••••• i ‘ c/m/erta from river waters 

and probably accounts for certain negative findings. 

Tlie adoption of the candle-boric-peptone water method described by Panja 
(1942) appears to overcome this difficulty to a considerable extent. Five hundred 
and twenty-four samples of Hooghly river water have been examined using this 
technique. Three to five c.c. of uuconcentrated river water from each sample 
were put into the porcelain caudle and incubated for one or two days. A few drops 
from the surrounding boric-peptone water were then plated on bile-salt agar. In 
.sixteen cases the plates subsequently showed true Vibrio choleree, including both 
Inaba and Ogawa sub-types, the usual criteria for identification being applied. 
Aon-agglutmable ^’ibrios were not, however, eliminated and it is probable that if 
this could be done and a larger portion of water was tested, a higher proportion 
of positive results would be obtained. 

This method was compared with attempts at the isolation of vibrios from 
concentrated water, using the method of filtration through filter-paper adopted 


IbingaS^^ Session of tbe Indian Seifnre Cnnf/ref$ lield in .Ifininry 194(> at 
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Cholera Vibrios from the Hooghly River. 

by Dr. S. R. Pandit (unpublished) but the latter gave less satiefactory results aa 
shoTTii in the Table : — 


Table. 


Total number 
of samplos. 


Vibrio=< isolated. 


Unooucentrated, 

water. 


Couceutrated 

water. 


ii«i 


r ' Pure culture 
Mixed culture 
I ! No vibrios 


41 

IS 


23 

.14 

0 


Eighty-three samples were te.sted on comparative lines using the candle method 
on the one hand and direct plating on bile-salt agar on the other hand.' Fifty-two 
were })o.sitive for vibrios — both V. choleric and non-agglntinable vibrios by the 
candle method — while direct plating yielded only 9 positives (non-agglutinable 
vibrios only). 

Unfiltcrcd Hooghly river water may, therefore, be responsible for cholera 
infection if used for domestic purposes. An example is known of the occurrence 
of cholera annually in a well-to-do orthodox family in Calcutta, who make use of 
TFonghly river water. 


SUMMAUY. 

Out of .■>21 samples of Hooghly river water IG .showed true Vibrio cholera 
when e.vamined by the candle-boric-peptone water metbod of I’anja. Other ' 
inethod.s triml were le.ss satisfactory. 


I'^M r.. I nu2) 


i!i;n;iti:N(K. 

hi'K •lour, Metl. 30, p. IliU. 
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IMMUNITY ATTEE INTRADERMAL INOCULATION OF 
CHOLERA VACCINE.’^' ' 


s BY 

Gr. PANJA, M.B. (Cal.), B.sact. (Lond.), f.n.i., 


ANB 


N. N. DAS, M.SC., M.B. 

\ 

{From the Department of Baclenology & Pathology, School of 
Tropical Medicine, Calcutta.) 

[Received for pubhention, August 31, 1946.] 


During tlie war years requirements of cholera vaccine in India were greatly 
in excess of preHous demands, either during the fost world war or during epidemics 
in the intervening twenty years. Government laboratories were taxed to capacity 
and private firms were called upon to manufacture cholera vaccine on a large scale. 
The high cost of materials and the shortage of such items as China grass and glass- 
tubing increased the difficulties. The work to be described was undertaken with 
the object of attaining better immunization at a lower cost. 


A standard cholera vaccine from the Central Research Institute, Kasauli, 
including both Inaba and Ogawa sub-t}q»es was used. Eleven persons were given 
intradernial doses of 0‘1 c.c. and 0'2 c.c. at an interval of seven days, and ten 
persons were given the usual subcutaneous doses of 0’6 c.c. and 1 c.c, with 
the same interval. The persons selected for this experiment had no previous 
history cither of an attack of cholera or of inoculation with cholera vaccine. 
Agglutination tests on the sera of the subjects prior to inoculation showed one 
with a titre of 1/10, one with a titre of 1/20 (in both cases against both 
Inaba and Ogawa sub-types), while the remainder showed negative results in 
-1 10 dilutions of serum. Local and general reactions after the intradernial 
injections were negligible. 


* Pnper re.id at tte 33rd Session of tlie 
Bangalore. 
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Immuu'iiy after Cholera Vacch'ie hiociilatio^t. 

A week ;ifter tlie second inoculation agglutination tests were repeated. 
7’lic results are shown in Table T : — 


Taui.e 1. 


liesnUs of agghtiinalion tests. 


t 

FIIt.ST fiROT^P (INTRADER:MAL). 

SECOND GROUP (SUBCUTANEOUS). 

JtEllil'.K- 

INOCri.ATIOX. 

Cacc-J. 

/ 

Ai'Tjai 

IKOCUL.VTIOX. 

Cases. 

BcroRC 

IMOCULATIOX. 

Attek 

1 a^•oc^mTIO^■, 

Innlm. Ognwa. ) 

' j 

Tn.aha. , 

Oginva. 


Inahn. ] Ogawa. 

Tnaba. 

Ogawa. 

1 - - 

1/10 

1/10 

1 

— — 

1 b-io 

1 

1/20 

g PIO 1 1(1 

1/4(1 ' 

1/20 

2 

— — 

1/80 

1/40 

a 

1/2.70 

1 '2.*)(l 

3 


1 

— 

4 - _ 

1/JO 

1/20 

4 

t 

“ 1 “ , 

— 

— 


I'SO 

1/.320 

,1 

_ i _ ’ 
1 

— 

- 

r» — — 

1 

1/40 

1 

1 

i 1/80 

V> 

j 

1/20 

1/320 

7 — — 

1/320 - 

1/320 

' 7 

1 

1/80 

1/80 

s ]/ 2 o 

1/10 

1/80 

8 

- 1 “ 

1/40 j 

1/1(10 

_ i _ 

rio 

1 

j 1,80 

s» 

1 

j ; 

i 

1/20 i 

1 

1/10 

](t - - 

1/320 

1 1/320 

10 

1 ’ 

1 /40 j 

1/80 

11 _ ’ _ 

' rir.o 

• i 

j I/IW 

[ ! 

1 

j 

1 




— I in lU. 

All per^'uy^ aftnr intradennal inoculation showed ar;glutinins in f itre.s varying 
from 1 in 10 to 1 in bin, thirteen out of the 22 readings being 1 in 80 or over. After 
pubrutaneous inoculation three persons showed no cholera agubitinins (negative 
1 in 10), The other seven .‘^hoa-cd litres vmrv’ing from 1 in Iti to J in 320, only 0 
out of the 2o readings being 1 in 80 or over. 

Tlie sera of the same subject.s were al=^> tested lioth bef(»ro and after 
immuniration for the presence of hacterioly.-iu and protective antibody for 
cholera vibrio^ using Pfeiffer'e te^t in guine.a-pigs. The results arc shown 

in Ta>>V 11. 



immunity after Cholera Vacci)te Inoculation. 


fi 


With the post-inoculation sera after intradermal injection, vil)rios were non- 
inotile in all cases and all animals snr\nved. Witli the post-inoculation sera after 
subcutaneous inoculation, vibrios remained motile and three out of seven test 
animals died. Samples of sera from the inoculated persons were not available 
at later periods. 

Protection tests were also carried out in guinea-pigs hy giving intraperitoneallj* 
<c25 c.c. doses of pooled serum from the same inoculated persons one day before 
the lethal dose. 

The results are shown in 'I’able III ; — 

Tabuu III. 


JCmh of if.'il for protective antibody with pooled .‘iehim 0'26 c.c. 


ISTIUVUEUMAL OROCU'. 

SuncuT.cxEOU.s Liuour. 

1 

F'lo-itioculntiou heniin. 1 

1 

Fost-iuoculatiou scrum. 

Pre-inoculation serum. 

Po.st-iuoculation scrum. 

a guim'n-])iL'ti died 

1 

3 uiiimals survived 

1 

3 animals died 

3 animals survived. 

1 

1 


A’./;, — The timiiitity of immune Herum being high, tlio nnimals in both the groups survived. 
Further experimeut was not possiide on account of shortage of serum. 


M'ith the tochni([uc aiifl dosage u.scd, no diilerence in the protective power of 
tlic .sera in the two groups was demonstrable. .-V dose smaller than 0-25 c.c. might 
have shown the difference. 


Discus.sion. 

The intradermal method of inoculation of cholera vaccine, therefore, appears 
to he .superior to the subcutaneous method on the criteria of (a) agglutinin pro- 
duction in inoculated persons, (6) Pfeiffer’s test in guinea-pigs and (c) protection 
tests in guinea-pig.s. "Whether these criteria arc adequate when the que.stion of mass 
inoculation ari.sos is of course hiuhly debatable. A more critical series of protective 
tc't.s in animals would appear to be the next step. Advantage-s of the intradermal 
method would include economy of vaccine, only one-fifth of the usual do.sago being 
reqiiiri'd. and consequent economy of material and labour in production. The 
reaction from intradermal injection is negligible but the reaction from .siibeu- 
taneou'- inoculation is rarely severe and not in itself a factor which ha.s to be 
cou-sidered in mass inoculation. One disadvantage in intradermal inoculation would 
be that it would take, a much longer time for mas-, inoculation even in e.vperioncefl 
hand<. If further work can show- that one injection only would be .siinicient, then 
it would be a great advantage. 

.\ {Weliimtiarv study on the intradermal inoculation of cliolera vaccine in 
human ."nf'jecf^ v.a- carried out with encouraging re.sult.s and there have receir'ed 
.support from certain observ.itious on experiniontal anirntils. Turthor work w 
indicate.!. 
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A METHOD OF IMPEOVlHG THE SOLUBILITY OF 
DEHYDEATED CONCENTEATED HOESE SEEHM 
BIMUHB GLOBULINS BY ADDITION OF BILE 
' SALT AND EXTRACTION WITH ETHER. 


t BY 


D. C, LAHIKI. 

(From the HnffJiine htstiUile. Bomhuy.) 


[Rocoivecl lor publication, iSeptonibci 1-i* 1040.} 


Owing to lack of adequate and satisfactory storage facilities, the preservation 
of antitoxins and sera by processing them into a lyophilized form is essential in 
India. It lias lieen found that a concentrated solution of horse serum immune 
gloliulins. when fractionated bj' the conventional method of salting out with 
ammonium sulphate, does not re-dissolve readily in water after being dried from 
the frozen state by sublimation of ice under high vacuum. Natural horse serum, 
liowever, when dried by the same process, re-dissolves rapidly. This lou' solu- 
bilit}' of dehydrated concentrated immune globulins minimizes the utility of the 
process for the preservation of concentrated and purified antitoxins and sera. 
Several methods were, therefore, investigated to iinjirove the solubility of /the 
dried product. One of these methods has given satisfactory results and is reported 
here. i 

Low solubility of the salted out immune globulins seems to be due to the 
lipid containing proteins, which are separated in the same fraction. These 
lipoproteins arc altered while dryinj: the fraction from the frozen state (Cohn 
rl ah, ]9ff>). 

The immune globulins arc precipitated in fraction ll-f-III of Cohn et al. 
(loc. cit.) by ethyl alcohol at controlled pH, ionic strength, temperature and protein 
concentration. This fraction also contains large amounts of cholesterol and other 
lipid substances. Therefore, the alcohol-precipitated immune globulin fraction. 
if_ not further jnirified by sub-fractionation, seemed likely to possess the same 
difficulty of preservation as the salted out immune globulin fraction. Immune 
globulins have, however, to be separated as a major fraction .=o as to facilitate and 
render economical Targe-scale jnocessing. No economical method for the prepara- 
tion of immune globulins free from lipoproteins has as vet hecn evolved. Pendiim 

( 7 ) ' 
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Soliihility of Concentrated Horse Serum Gldbulins. 


the availability , of such an ideal method of preparing the immune globuhns in 
a pure state, a method of improving the solubility of the major globulin fraction, 
dried from the frozen state, appeared to be required. 

freezing in the . presence of a lipid solvent insoluble in water has beeifused 
by McFarlane (1942) as a method of removing the lipids from the proteins of the 
human serum to which they are attached. 'Wliile about 7 g. of lipids could be 
removed from 1 litre of human serum by shaking with a mixture of ether and alcohol 
(Hardy and Gardiner, '1910), only about 4'6 g, of lipid could, however, be removed 
from 1 litre of the serum after exhaustive extraction by freezing in the presence 
of ether. A considerable amount of lipids of the globulin fraction was also found 
to be left behind after extraction by this method. That the residual lipids were 
still likely to interfere with the solubility was shown by a sample of concentrated 
anti-snake- venom Serum, which was extracted 6' times by freezing in the presence 
of ether. About 3 '2 g. of lipids per litre of the concentrated serum were removed, 
but still the dried serum did not show any significant improvement in solubilitj-. 
Moreover, the process of repeated freezing and thawing reduced the antitoxic 
potency to about 80 per cent of its initial value. 

Hydrophobe substances can be made hydrophile by treatment with wetting 
agents. Those that have been tried, being strongly polar, precipitate the pro- 
teins. The bile salts, sodium taurocholate and sodium glycocholate, on the 
other hand, do not precipitate the proteins but improve the solubility of the 
. dried product. Both of the salts seemed to be equally effective. Table I shows 
the effect of adding different quantities of sodium taurocholate on the solubility 
of samples of concentrated polyvalent anti-snake-venom horse serum globulin 
after drying from the frozen state. The samples of the serum were dried in the 
Strumia type apparatus assembled by the Precision (Scientific Company, Chicago. 
Quantities of so^uni taurocholate varying between 5 mg. and 20 mg. were added 
to constant volumes of 10 ml. of the serum. The bile salt .was intimately mixed 
with the serum by rolling the test-tube gently between the palms of the hands. 
The serum was put in ampoules of 20-ml. capacity, frozen in a slope at a tempera- 
ture between 35°C. and 40°C., and then dried for 24 hours till the moisture 
content wns reduced to less than one per cent. Por determination of solubility 
the dried serum wns dissolved in 10 ml. of distilled water at 26°C. 

It was found that the bile salt must be added and intimately mixed with the 
serum before drying. Addition of sodium taurojcbolate to the dry serum did not 
help its solution in the least. It was also observed that if tbe bile salt-was 
added 2 or 3 days before drying, the solubility of the dry serum seemed to be 
better than that of the sample to which the bile salt W'as added immediately 
before drying. 

While analysing these results the following conclusions suggested themselves : 
(1) Kemoval of lipids by freezing in the presence of ether was not sufficient by 
itself to make the dried product rapidly soluble, presumably because the remaining 
lipids, ■which were still attached to the proteins, w^ere as liable as before to be 
altered while drying from the frozen state. (2) Addition of* bile salt to a seium, 
which ■was rich in lipids, could not improve the solubility of the dried product 
to the de.sired extent, while, ■ftdien it was added to a lipid-poor serum, a 
very definite improvement was obtained. There seemed to exist an optimum 



b. G. Ldfiiri. 
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Table I. 


SohtbiUty of dehydrated concenlraled anli-snalx-venom 
horse serum glohulin containing different 
amounts of sodium taurocholalc. 


Batch numher 
of serum. 

Amount of 
sodium tauro- 
cUolatc added, 
rog. per ml. 

Time required 
hy the dry serum 
to dissolve com- 
jilctcly in water, 
minutes. 

I’erccntago of 
dry serum 
dis.solving in 
one minute,* 


Ml 

o.'it 

• :{2t 


0'.') . 

U 

SO 


ro 

11 

•SO 


1-0 

H 

8S 


2-0 

n 

'^82 


Ml 

70 1 

It) 


o-o 


08 

3(1 

1-0 s 

'Id 

72 


1-3 

!•> 

77 


2-(l 

12 

70 


Ml 

ISO 

.I'- 


O-o 

1 

.*>4 

37 

l-o 

00 

ti2 


l-.'i 

0(» 

.71 



1.7 

00 


* The percentage of <irv scrum dissolving in one minute ■was 
determined in the following way : The total protein content of 
U) ml. of the liquid .«erum wa.s determined by Kjeldahl’s method 
Iiefore drying. After addition of 10 ml. of distilled water to the 
dry seruni, the ampoule was .shaken vigbrously for one minute; A 
small amount of octyl alcohol was added with a platinum loop to 
dissipate the froth formed by .shaking. As soon as the froth dis- 
appeared, the whole of the dissolved semm wa.s pipedted off to a 
c.alibrated measuring «-ylinder, its volume w.as measured, and the 
jirotein content of the total volume w.as determined. The ratio of 
the total amounl'of jirotein in the volume of the .serum recovered 
in .solution, to that of 10 ml. of the original iiipihl s,.)-i,j,i, multiplied 
to lOO. gave the piTci'iitage of dry s,.riim dissolving in one minute. 

t The ligures are the approiimate arithmetic mean^ of deter- * 
minntions on S different samples. 
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Solubility of Conceufrated Horse Serum Globulins. 


Tablk I — Goncld. 


Batch number 
of senim. 

Amount of 
Rodium tauro- 
cholate added, 
mg, per ml. 

Time required 
by the dry serum 
to dissolve com- 
pletely in water, 
minutes. 

Percentage of 
dry serum 
dissolving in 
one minute.* 



--v 

Ab/ 

150 

17 



o-.-. 

17 

' 60 

37t 

Jipicl poor 

j 

1-0 

U 

71 



1-.5 

15 

(59 



2-0 

15 

73 


* The percentage of dry serum dissolving in one minuto as 
determined in the following way : The total protein content of 
10 tel. of TOO liquid Bervrm was determined by Kjeldnhl’s method 
before drying. After addition of 10 ml.' of distilled wa'ter to the 
dry serum, the ampoule was shaken vigorously for one minute. A 
small amount of oetyl alcohol was added with a platinum loop to 
dissipate the froth formed by shaking. As soon as the fioth dis- 
appeared, the whole of the dissolved serum was pipetted off to a 
calibrated measuring cylinder, its vo^ime was measured, and the 
protein content of the total volume was determined. The ratio of 
the total amount of protein in the volume of the scrum recovered 
in solution, to that of 10 ml. of the original liquid serum, multiplied 
by 100, gave the ijcrcentage of dry serum dissolving in one minute. 

•f Serum batch 37, which was extracted 6 times by freezing in 
the presence of ether, and from which 3'2 g. of lipids weie removed 
per litre of the serum.- 


for the useful concentration of the bile salt, which was ordinarily 1 mg. per 
ml. Being limited by this optimum, the bile salt could act only on a limited 
amount of lipoproteins. Any excess lipoproteins remaining after the addition 
of the optimum concentration of the bile salt was unstable and was altered wliile 
drying from the frozen state. The reason for the existence of this optimum 
for the active concentration of the bile salt was, however, not understood. 
(3) Much less lipids (0’5 g. per litre) were separated from the serum (batch 22) by 
natural forces, while maturing in storage lor about 5 months at O^C. compared with 
the amounts (3‘2 g. per litre) that were removed from the serum (batch 37)^ by 
exhaustive extraction with ether. Yet, the former dissolved much more rapidb' 
than the latter when both were dried under the same conditions. It appeared 
that during maturation, not only did some of the lipids separate out from the 
proteins, but some of the others which still remained attached to the proteins, 
had their linkages firmly fixed, so that they did not alter while drying from 
frozen state. 

It was clear that, in order to gain the maximum advantage out of the bile 
salt, a part of the lipids in the horse serum globulin fraction required to be removed. 
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It has been mentioned before that the method of extraction of these lipids by 
freezing in the presence of ether was not found suitable, chiefly because the anti- 
toxic potency was reduced during extraction. Alternative methods of extraction 
had, therefore, to be investigated, and the following method was evolved - 

Ether could extract a considerable amount of lipids provided a small quantity 
of bile salt was previously intimately mixed with the globulin fraction. After 
the lipids thus extracted with the bile salt and ether were separated out of the 
fraction, further extraction with ether alone was fruitless. As soon as some more 
bile salt was added to the fraction, ether again succeeded in remowng further 
quantities of lipids. This process of extraction required to he repeated a few times, 
in certain cases, before the globulins, after drying, dissolved sufficiently rapidly 
in water. The extraction could be carried out a number of times even after the 
desired solubility was obtained, but no further advantage was gained. On the 
contrary, the solution became opalescent owing to emulsion of ether in serum 
and it became increasingly difficult to filter it through sterilizing asbestos-paper- 
pulp pads. The amount of lipids extracted from the fraction with ethec in the 
presence of bile salt varied from batch to batch. Tlie protocol of the method 
of large-scale extraction of lipids is given below. 

The concentrated anti-snake-venom serum, which was fractionated in small 
lots, was pooled together, its pH adjusted to 7 '2 and sodium- chloride uas added 
■ to make a content of 0'85 per cent. The serum, after olarificatimr through clari- 
fying asbestos-paper-pulp pads, was distributed in 0-litre amounts into 9-litre Pyrex 
glass serum bottles. The serum was cooled to O’C. and then 6 g. of sodium tauro- 
cholate was added to each bottle. The bile salt was intijnately mixed with the 
serum by prolonged gentle agitation short of formation of any froth. After thorough 
mixing, the serum was stored, at 0®C. for 2 clays. For extraction of the lipids, 2 
litres of ether, cooled to 0®C., were added to each Ijottle. The serum and the ether 
were intimately mixed by vigorous shaking. The mixture was decanted isrte one- 
litre Pyrex centrifuge bottles, which were filled up to capacity, and their mouths 
closed with rubber-caps. After centrifuging for 15 minutes at 2,000 r.p.m. at room 
temperature (28'C. to 32'’C.). 3 layers were formed in each bottle. The top consist- 
ed of excess of ether, the intermediate of extracted condensed lipids of white 
colour, and the bottom layer of clear serum, nhich was siphoned off. The siphoneeV 
serum was pooled in 9-litre bottles and the dissolved ether was removed by blowing 
conq)ressed'air through a jet over the surface of the serum at 25T. After ether 
had been removed, 1 g. of sodium taurocliolat'e was added per litre of the serum 
and intimately mixed. Two days later, samples of 10 ml. of the serum -were dried 
from the frozen ,gtate, and the solubility of the dried product tested. If the 
solubility was not found to be satisfactory, the serum was extracted with' ether in 
the presence of OT per cent sodium taurocholate as before. 

None of the serunu so far dried, required extraction for more than time.'^ 
A_ sample of serum which was e.\-tracted i times was usually* sufficiently soluble 
without the addition of more bile salt. The serum, which requir^ fewer 
extractions, generally required OT per cent bile salt before showing satisfactorv 
solubility. Hence, while no bile salt was added to tlie serum after the 4t}) 
extraction, OT per cent of it was always added to those that were e,xtracted less 
than 4 times. 



i2 SohihiUty of Concentrated Horse Serum GlohuUns.- 

Tor tke deter niinatiou of the amount of lipids extracted, tlie fatty layers in 8 
centrifuge bottles were collected together. in a large porcelain dish, and both ether 
and moisture were removed by heating over a water-bath at 95°C, to constant 
weight. The ^yeight of the residue, divided by 6, gave the amount of lipids 
extracted per litre of the serum. Tins amount differed in different batches. The 
rate of extraction from, a serum at different steps was also irregular. For 
instance, out of each litre of the serum (batch 37), 0-8 g. Avas removed during the 
first extraction, 1-2 g. during the second, 0-4 g. during the third, and 0-3 g. during 
the fourth. Table II shov's the solubility of 3 different batches of concentrated 
anti-snake-venom serum extracted ivith ether in the presence of the bile salt ; — 


Tabt.e II. 


Solubility of dehydniled concentrated, anii-snakc-mwm horse serum 
globulin containing 0‘1 yer cent bile salt and that of the same 
.serum extracted with ether in the presence of bile sail. 


Batch number 
of serum. 

Jtethod of 
treatment.* 

1 Amount of lipids 

1 extracted per 
litre, g. 

1 

i 

Time required 
by tlie dry serum 
to dissolve com- 
pletely in water, 
minutes.f 

Percentage of 
dry serum 
dissolving in 
one minute.f 

1 

A 

1 0 

lOf 

85t 

22 1 

B 

1-2 

4 

100 

i 

A 

' 0 

lo 

‘ 70 

30 1 

It 

2-0 

3i 

100 

f 

A' 

0 

55 

60 

« I 

B 

2’7 

1 1 

5 

' 100 


* Treatment A consisted of adding 1 mg. of sodium taurocliolate per ml. of the 
scrum. Treatment B consisted of extracting the scrum with ether after addition of 
the bile salt. Extraction was repeated twice in the case of batch 22 and 4 times each 
in the cases of batches 30 and 37. 

f See footnote marked * of Table I for clarification. 

% Over 99 per cent of the dried product went into solution during the stated 
period. A trace of globulins, which formed comple.xes with carbohydrates, however, 
required a much longer time to dissolve. 


The results show that extraction of lipids with ether in the presence of the bile 
salt improves the solubility of the dry product out of all proportion to the small 
amount of lipids that are removed. A reference to the solubility figures, corres- 
ponding to tlie serum batch 37 in Table I and Table IT, will .show the difference. 
^^^lile 3‘2 g. of lipids were removed from the serum batch 37 (Table I) by freezing 
in tlie presence of ether, only 2*7 g. were removed from the same h}’’ ether in the 
])resencc of the bile salt (Table 11). Yet the latter, when dry, dissolved nmcli 
more rapidiv than the former. Evidently, the active concentration optimum, 



T). C. LaJiiri. 


13 


which was initially 1 mg. of bile salt per ml. of the serum, had been .shifted on a 
higher level during these extractions. Prior to this shift of the optimum, a consi- 
derable amount of lipoproteins could not come Avithin the sphere of activity, which 
was limited by the existing active concentration optimum, of the bile salt. After 
the shift, however, more and more of the bile salt became active, and its sphere of 
activity was extended. The bulk of the lipoproteins could, therefore, now be 
influenced by the bile salt Avith a considerably extended sphere of activity. Thus 
influenced by the bile salt, the lipoproteins no longer became altered while drying 
from the frozen state. Hence, the dried product dissolved rapidly in water. _ The 
mode of action of the bile salt upon the lipoproteins was not, hoAvever, clearly 
understood. 

It Avas remarkable that the serum, AA'hich had been so A'iolently treated during 
repeated extractions Avith ether after addition of bile salt did not shoAv any less of 
antitoxic potency. Nor Avas it any more unsafe for use in man in spite of the 
presence of considerable amounts of the bile salt. On the contrary, the extracted 
_serum Avas better than the original serum, in that it Avas less viscous than before 
and presented a crystal-clear appearance. 

SVMMARA'. 

Concentrated horse serum globulin fraction. Avhich contained the anti-snake- 
venom immune bodies, re-dissolved, Avhen dried from the frozen state, very sloAvly 
in Avater. If, however. OT per cent of sodiun\ taurocholate Avas added to the 
globulin fraction, and the fraction Awas then extracted’ with excess of ether, a small 
amount of lipids was removed from the fraction, and the fraction dissolved rapidly 
in water after drying from the frozen state. Neither the extraction of lipids alone, 
nor the addition of the bile salt alone, Avas enough to improA'e the solubility of 
the dried product to the desired extent. Extraction of lipids with ether in the 
presence of the bile salt improved solubility without any loss of the immune bodies 
and Avithout making the product unsafe for use in man. 


Grateful thanks are due to Lieut.-Coloncl Sir Sahib Singh Sokhey. Kl., r.sr.s.. 
Dr.Iv. Ganapathy, and jMr. ^f. K. Habbu. A\'ho have helped the work in many ways. 
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Dam, Seliouhe3'der and Tape-Hansen (193G) were tlie first to demonstrate that 
tile absence of vitamin K produced in the chick a luemorrhagic sj’ndromc character- 
ized bj' a prolongation of prothrombin time. Since then mam* attempts have been 
made to produce the same symptoms in common laboratory animals like the rat. 
rabbit or guinea-pig. Thus Elliot. Lsaacs and Try (1940) produced a deficiency of 
prothrombin in the rat b_v sustaining them on a diet containing 20 per cent mineral 
oil by weight. Recently, dicoumarol (Witts. 1942 ; Overman. Stahmann. Sullivan. 
Huebner. Campbell and Link. 1942) has .also been utilized to jrroduce livpopro- 
thrombinremia which can be cured bv the administration of rntaniin Kv ^fost 
other procedures previously used to produce vitamin K deficiencj' in the common 
l.abor.ator\’ animals make use of some form of surgical procedure which inhibits the 
alworption of vitamin K. therebr* causing a deficienc}' of this vitamin in the animal. 

The work of Greaves and Schmidt (1937) as well as that of Dam, Schonhevder 
and Lewis (1937) shows that mammals in general are not very susceptible to a 
piirelv dietarj’ vitamin K dcficicncv. 

Tlie observations that colifonn organisms produce vitamin K in vitro (Greaves. 
1939) and that f.Tces of rats on a diet free from vitamin K contain vitamin K (Orla- 
.Tensen. Orla-.Tensen, Dam and Glavind. 1941) have recently led to the development 

( 15 ) 
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of methods for producing a deficiency of this Adtamin in the rat, by the inhibition 
of intestinal synthesis of vitamin K with sulphonamide drugs. 

Daft. Ashbiirn and Sebrell (1942), Kornberg, Daft and Sebrell (1944rt, 1944ft), 
as well as Black, Overman, Elvehjem and Link (1942), report that continual 
feeding of sulphonamide drugs to rats .together with a synthetic ration free from 
Autamin K can consistently produce hypojmothrombinaunia. 

These findings suggest a conA'enient method for producing Autainin K defi- 
ciency in the rat. and possibly the dcA’-elopmcnt of a curatiA'c method for the 
assay of this vitamin. 

With this object, further data are presented concerning the production of 
liypoprothrombinaGjnia in the rat using .sulpliathiazole in conjunction with a diet 
free from vitamin K, and its correction Avith synthetic Autamin K. A preliminary 
note on the subject Avas luiblished elsewhere (Braganca and Eao, 1946). 

Experimental procedure. 

Three groups of male albino rats from the Haffkine Institute colony, about 
25 days old, and A\eighing 25 to 40 grammes Avere used. 

The synthetic ration giATn to the animals was the same as that used by 
Kornberg el ah (1944a) Avith the exception that the vitamin B-complex supple- 
ment was supplied in the form of dried breAver’s yeast, previously extracted with 
ether in order to remove any Autamin K present. 

The first group consisted of six animals kept on the Adtamin K-free ration 
supplemented Avith sulphathiazole at 1 per cent level and 100 jwg. of synthetic 
vitamin K [‘ Synkavit ’ (Koche)] by mouth per week. 

The' second group which consisted of 20 animals received the same synthetic 
diet as the first, but without the vitamin K supplement. 

The third group consisted of six animals and received the same synthetic 
ration as the aboA’-e groups, but AAuthout the supplement of vitamin K or the drug. 

Along Avith the groups of rats mentioned above, 5 rats in addition were kept 
on the same ration as that of group 2. At the end of three Aveeks when they had 
developed severe hypoprothrombinajfiiia, they Avere killed and the condition of 
liver studied histologically. Besides these, most of the animals that died, as Avell 
as some selected animals from the different groups, were killed at definite periods 
and the livers examined histologically. The results are summarized at the end of 
the paper. 

Few animals AA'-ere used in groups one and three as prehminary experiments 
had shown that most of the animals receiving similar diets surAuved for long 
periods. 

Prothrombin estimations Avere made by a modification of the micro-method 
of Innes and Davidson (1941) in which the prothrombin in the fiirst drop of blood 
obtained by clipping the tail was determined. As it is well established that the 
normal prothrombin time for each species is fairly constant, the prothrombin time 
of the tail blood of normal rats of similar weight as those used in the experiments 
was previously established by using the same technique. The^values obtained 
ranged from 15 to 20 seconds, 
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The thromboplastin used in the prothrombin estimations rras Eussell’s viper 
venom in 1 : 10,000 dilution. The crude venom extracted in the Haffldne Insti- 
tute (representing a sample of pooled venom from several Russell’s vipers) vas 
purified by re-dissolving in water, centrifuging at high speed to removejhe mucus, 
and drying it by the lyophile process. The stock solution of 1 : 1,000 dilution 
could be kept in* the cold at 4°C. without any change in potency for one month. 

The supplement of vitamin K in the form of ‘ Synkavit ’ (Roche) was given 
orally once a week, diluted in such a way that O’] c.c. contained the required dose. 


Results. 

It was found that for the first two weeks the animals of all the groups looked 
quite healthy and took food liberally. During the third week most of the animals 
of the second group showed an abrupt change in their general condition. They 
appeared weak and extremely pale (as seen from the eyes and ears), while some 
showed bleeding from the ears, nose and mouth. Two animals in this group died 
in 1 7 and 20 days respectively before the prothrombin time was determined and 
in the others the determinations were made during the third week. 

Large single doses of vitamin K (100 /ig.) in the form of ‘ Synkavit ’ (Roche) 
were then administered orally to the animals showing a prolonged prothrombin 
time (30 seconds or more) and the reaction of animals to this dose noted by another 
prothrombin determination carried out after forty-eight hours. The results are 
given in Table I. Fifteen out of 1 8 animals showed a prolongation of prothrombin 
time (Nos. 27 and 32 being killed after two weeks to find whether there was any 
abnormality in the internal organs), of which ten reacted to the dose of vitamin K 
given. Considering the animals that reacted successfully to doses of vitamin K, 
it is seen that Nos. 26 and 26 were given 50 /tg. yitamin K whilst the rest received 
100 fig. Though both doses were sufficient to correct the hypoprothrombinaemic 
state, it is noteworthy that the prothrombin time of the majority of animals receiv- 
ing the larger dose returned to a value less than the minimmn prothrombin time 
obtained for normal rats (15 seconds). 

The records of rats Nos. 14, 17 and 30 are particularly interesting. They show 
the gradual fall in prothrombin time as their stores of vitamin K are depleted and 
their successful reaction to repeated vitamin K administration. In the case of 
rat No. 30 it is further seen that at a later stage 1 00 /ig. of vitamin K could maintain 
the normal prothrombin level for a period of 79 days. In this connection it may be 
mentioned that in another experiment in which bigger animals were used (45 to 
60 grammes) difficulties were experienced in trying to produce h}*poprothrom- 
binajmia by the same method within a month. It was found that the animals 
did not show a fall of prothrombin for a period of G veelcs. These observ'ations 
suggest a possible relationship between the age of the animal and its susceptibility 
to hypoprothrombinmmia produced by sulphathiazole, and emphasizes the im”- 
portance of ago and weight of tiie animal in such experiments. 

In contrast to the behaviour of animals to the second group it will be seen 
V belonging to the first and third groups remained 

healthy and showed a normal prothrombin time for a period of o%-er ^o months 

J, MB 


•? 
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Table I-, 
{Group 2.) 


Animals of this group received vitamin K-free diet 
containing stdphathiazole. . . 



■*S 

.s 

O 

ays since 
in K. 

PbOTHROXIBIN time li? seconds after RECEIVINa 
^^TAMIN K, PERIOD BETWEEN TWO CONSECUTIVE 


o 

n 

a 

*■*3 


DETERMINATIONS 

AND DOSE OF 

VITAMIN K OmiN. 

Number of rat 

a 

o 

o 

a 

Prothrombin 

seconds. 

s 

rt 

> 

o 

o W 

03 ^ 

O 

ft 

Number of d 
giving vitam 

Prothrombin 

time. 

Number of 
days. 

Prothrombin 

time. 

Dose of vita- 
min K(/xg.). 

t4-l 

O ' 

^ . 

O CO 

Prothrombin 

time. 

Number of 
days. 

Prothrombin 

time. 






(1) 

(2) 

(3) 

(■i) 

14 

18 

45 

100 

2 

12 

7 

25 

... 

6 

SO 

... 

... 

17 

21 

80 

100 

2 

12 

3 

20 

... 


120 

... 

... 

21 

21 

100 

100 

2 

13 

... 

... 

... 


... 

... 

« • . 

23 

20 

70 

100 

2 


... 

... 

... 

1 

... 

... 

... 

26 

18 

75 

60 • 

2 

17 

... 

... 

... 

1 

... 

... 

... 

26 

18 

70 

60 

2 

18 

... 

... 

... 

m 

... 

... 

... 

28 

18 

90 

100 

2 

16 

... 

... 

... 

... 



... 

29 

18 

80 

100 

2 

15 




... 

... 

... 

... 

30 

20 

76 

100 

9 

8 

14 


100 

39 

20 

40 

100 

31 

20 

70 

100 

2 

12 

... 

... 



... 



13 

17 

Died 

... 

... 

... 

... 



... 



... 

16 

17 

116 

100 

Died 

V’ 

... 


... 


. . . 


... 

16 

17 

80 

100 

ff 


... 


... 

... 



... 

18 

21 

25 


>» 


... 



... 


... 

... 

19 

21 

80 

100 








... 

... 

20 

20 

Died 


' 

... 


... 





... 

... 

22 

•18 

76 

100 

Died 


... 




... 

.... 

... 

24 

22 

80 

100 



... 




... 

... 

... 

27 

12 

16 


Killed 

... 

... 

... 

... 


... 

... 

... 

32 

12 

30 

... 


... 


... 

... 

H 

... 

... 

... 
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[Groitp 1.) 


Animals of this group received vitamin K-free diet containing 1 per cent 
sulpha thiazole and 100 pg. vitamin K 2 )er iceel-. 


Number 
■ of rat. 

Number 
of days 
on diet. 

Prothrombin 
time in 
seconds. 

, 1 

1 Number 

1 of days 
' on diet. 

Prothrombin 
time in 
seconds. 

1 ’ 

Number | 
of days ^ 
on diet. 

Prothrombin 
time in 
seconds. 

7 

i- 

~ ! 

17 

44 

10 

1 «« , 

15 

8 

' 20 

17 

Killed 

i 

1 

i ... 

... 

0 

24 

16 

44 

17 ! 

1 72 

18 

10 

19 

18 

44 

16 

62 

1 

18 

11 

Died 


... 

... 

... i 


12 

19 

17 

38 , 

20 

1 67 

, 1 

18 


Table III, 

(Group 3.) 

Animals of this group received vitamin K-free diet. 


Number 
of rnt. 

Number ■ 
of days 
on diet. 

Prothrombin 
time in 
seconds. 

Number 
of days 
on diet. 

Prothrombin 
time in 

1 seconds. 

Number 
of days 
on diet. 

Prothrombin 
time in 
seconds. 

1 

24 

IS 

47 

18 

1 GO i 

1 

17 

O 

24 

1 

17 

47 

1 

IS 

GO 

1.7 

:i 

1 24 

10 

1 47 

15 

CO 

17 


1 

24 

10 

47 

18 

60 

IS 

»7 

24 

1C 

47 

IS 

CO 

18 

<; 

24 

17 

47 

18 1 
1 

CO 

16 


wlicii most of them were hilled. One animal (Xo. G) belonging to the group receiv- 
ing vitamin K-frcc ration was. however, continued on this diet for over! months. 
On the 127th day it was found to bo bleeding from the mouth and nose and examina- 
tion sliowed a prothrombin time of 100 seconds, .-llthouph 100 ftg, of \-itamin K 
was administered tlie animal did not survive. These obsers-ations confirm the 
findings of other workers that rats are not very susceptible to a pure dictarv defi- 
ciency of vitamin K. 
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Pathological findings. 

In order to study the effect of continued feeding of sulpliathiazole together 
with a vitamin E-free diet on the liver and other organs, some animals were killed 
when severe hypoprothronihineemia had developed. It w'as found that in the 
majority' of cases the liver was enlarged and pale, as also the kidneys. Hsemor- 
rhages were found in various parts of the body, the most common sites being the 
subcutaneous tissues, the urinary bladder, the epididymis, testicles and the pelvic 
region. 

Histological examination of the liver and kidneys showed the following 
changes : — 

In the case of animals receiving the drug together with a vitamin K-free diet, 
it was found that till the end of the second week there was practically no change 
in the histology of the liver. During the third week, however, marked prolongation 
of prothrombin time was generally associated with consideralile fatty change in the 
liver. hTecrosis of the parenchyma around the central veins was evident in some 
cases. Animals of this group were not kept for more than 24 days. 

In a few cases the kidneys were also examined and stained sections showed’ 
slight cloudy swelling of the epithelium of the convoluted tubules. 

The livers of animals in the group receiving vitamin K and the drug showed 
practically normal histological appearances, even though these anim'als had been 
receiving the drug for periods varying from 60 to 72 days. The kidneys, however, 
showed cloudy swelling of the tubular epithelium similar to that seen in the above 
group, which received vitamin K-free diet and the drug. 

It is thus evident that the addition of %dtamin K to a synthetic mtamin K-free 
diet to which sulphathiazole has been added, prevents the fatty change in the 
liver, as determined histologically. On the other hand, histological changes in the 
kidneys could not be prevented by the addition of vitamin K. 

The possibility of developing the above procedm'e for producing vitamin K 
deficiency in the rat into a curative method for the assay of vitamin K is now being 
investigated. Preliminary experiments, planned with a view to determine the 
minimum dose of ^’itamin K which will cure the hypoprothrombineemia produced 
by sulphathiazole. have indicated that the dose is about 5 ng. The data are not 
reported here as it is felt that the results require confirmation with a larger group 
of animals. 

SUMMAKY. 

1. Severe hypoprothrombinaemia was produced in the white rat by feeding 
for a period of three weeks a diet free from vitamin K and containing 1 per cent 
sulphathiazole. This condition was prevented by the addition of vitamin K to 
the diet, 

2. The hypoprothrombinasmia so produced was cured by the oral adminis- 
tration of a single dose of 60 to 100 micrograms of synthetic vitamin K. The 
prothrombin time of the animals -which received 100 micrograms of vitamin K 
returned to a value, which was less than the minimum obtained for normal animals, 
in about 48 hours. 
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3. Older animals were found to "be less susceptible to tbe production of 
vitamin K deficiency by feeding sulpbatbiazole. 

4-. A deficiency of vitamin K hy purely dietary means was produced only 
in rare instances. 

5. Histopathological investigations showed that continued feeding of the 
drug along with a diet free from vitamin IC produced considerable fatty change 
in the liver and the condition was prevented by the addition of synthetic vitamin 
K to the diet. 


Our grateful thanks are due to the Director. Haffkine Institute, Bombay, for 
his interest and encouragement in this work and to Mr. L. S. Krishnan, B.sc., for 
technical assistance. The award of a research scholarship by the Dorahji Tata 
Tihst, Bomhay, to one of us (B. kf. B.) is gratefully acknowledged. 
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Introduction. 

Dietary snrvc 5 's carried out all over India shoiv that protein from cereals 
and jntlscs forms the major source of nitrogen in the diet of the people of this 
country. Basu and Basak (1939) were pioneers in detennining the hiological 
value of mixed proteins in a diet consisting of rice, pulse and vegetables by human 
feeding experiments. In their series of experiments, ivhich were conducted on tvo 
adult male sulijccts, the ]nilsc quota (25 g.) in the test diets was constant and the 
amount of cereal included was GOO g. In the present investigation an attempt has 
been made to find out whether the ricc-prote'in and pulse-jirotein ratio influences 
the total biological value ; whether, in other words, the inclusion of a greater 
quantity of pulses in a rice diet improves its biological .value in respect of protein. 
The ratios of proteins from pulses and rice respectively were fixed at 75 : 100. 
loo ; too and 125 ; 100 in the three different test diets given to the experimental 
subjects. Einallv. in order to find out whether the substitution of pulse proteins 
by milk jirotcins made any difTcrcncc in nitrogen balance, in the subsequent series 
of experiments, the pulse proteins were completely replaced by equivalent amounts 
of milk protein at all the three levels of feeding. 

( 23 ) 



24 


Biological Value of Proteins fed to liu^nan Beings. 

Experimental. 

Six healthy human subjects, M. E. (21 years) weighing 41 kg., M. M. (24 years) 
weighing 40 kg., S. A, (39 years) weighing 52-5 kg., I. L. (30 years) weighing 48 kg., 
B. S. (28 years) and B. P. (26 years) each weighing 47 kg,, were kept on each of the 
test diets for a period of one week. Before the test diets were given each of the 
subjects was kept on ‘ loM' nitrogen ’ diet for a period of one week to determine 
endogenous nitrogen metabolism for each subject. In preference to a ‘ non-nitro- 
genous ’ diet a ' low nitrogen ’ diet was given, as it was felt that a diet consisting 
of sugar, sago and starch, besides being monotonous and unpalatable, may not 
evoke the usual. gastro-intestinal response in the subjects and the digestive organs 
'might not function irroperly with an unusual kind of prepared food. The psychol- 
ogical factor may be ignored with rats and dogs as experimental subjects in feeding 
experiments, but with human subjects it was felt that data collected after the use 
of unaccustomed type of diets might lead to erroneous results. During the ‘ low 
nitrogen ’ period, breakfast consisted of a popular Indian concoction, ‘ halwa 
made of' sugar, sago and ghee or hydrogenated fat. The noonday meal 
•consisted of halwa, mashed potato, gom-d and leafy vegetables cooked in mustard ' 
oil. The evening meal consisted of biscuits made of nitrogen-free corn starch and 
prepared by a local firm of caterers. An attempt was made to bake loaves out of 
starch on the lines suggested by Summer and Murlin (1938), but even after a week’s 
trial, baking was not successful. Consequently biscuits were made by using the 
" following ingredients in the proportions indicated :-r- 


Starch ... ... ... 100 g. 

Chee and hydrogenated fat ... 300 g. 
Sugar ... ... ... 260 g. 

, Honey ... ... ... 180 g._^ 

Baking powder and table salt ... qs. 


Efiorts to prepare ‘ chapattis ’ (unleavened bread) by the addition of mucilage 
to the starch as binding material failed. The biscuits were eaten with honej*, 
mashed potato, gourd and leafy vegetables cooked in fat. No condiments were 
used in cooking the vegetable servings, but enough table salt was used to make the 
food palatable. Juice from one ordinary sized bazaar lemon was served daily to 
each subject along with the food. All the subjects were found to relish the meals. 
Each subject received 3 tablets of Squibb’s ‘ A^ita- Yeast ’ tablets daily. The 
amount of nitrogen obtained from the vegetables rarely exceeded 9 per cent 
of the total intake. 

Samj)les of stool and urine were collected daily, but onlj' the last three days’ 
collection for each seven-day period has been taken into account. Urine for 24 
hours was collected in. enamel chamber-pots containing 10 c.c. of a 10 per cent 
solution of thymol and 20 c.c. of a. 5 per cent solution of phenol. The faeces were 
collected in separate pots containing acetic acid and each collection for a period of 
24 hours was dried on a water-bath with frequent additions of rectified spirit and 
acetic acid. The dried faeces for the last three-daj^ period were pooled together, 
ground to fine powder, weighed and aliquots taken for estimation of nitrogen in 
the respective samples. The urine after each twenty-four-hour collection was 
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measured and subjected to analysis for estimation of nitrogen by tbe K]eldabl 
method. Aliquot portions of the samples of food were also collected daily, dried 
in a water-oven and the amount of nitrogen therein estimated. 

Table I. 


Data for the low nitroc/en diet; 


Hame of subjects. 

S Weight of 
tbe subject, 

1 

Total dry 
weight of 
food, 

e- 

Weight of 
nitrogen in 
the food, 

g- 

O 

C5 

’ t? 

G 

OF NITROGEN. 

1 

Urine, 

S* ' 

iWees, 

. g- 

Totai., 

g- 

M. R. 


41-0 

820 

0-31 V 

1 

1-4U ( 

0-710 

2-124 

jr. M. 

-... 

40-0 

820 

0-31 

1 i 

' ] *405 1 

0-740 

2-161 

S. A. 


52'0 

090 

O-oO ! 

1 

1 -soo ' 

1-220 

3-110 

1. li. 

... 

47 

990 

1 0-60 i 

1-487 

1 

M70 

t 

2-067 

B. S. 

... 

47 

839 

! O-M 

l-fiS" 1 

0-058 

2-646 

15. r. 

... 

47 

830 

0’54 

1-786 ! 

i 

1-096 

2-870 


All these subjects were put' on each of the three test diets, consisting of rice 
and pulses, for three consecutive weeks, and then after an interval oT 1.5 days the 
.'1 rice and milk periods of one week each followed. During tlie rice and pulse period 
tlie jiroportion of rice X’rotein : pul.sc protein was 10(1: 75 throughout the first 
week. 100 ; 100 in the second week and 100 : 125 in the final week. During the rice 
and milk period the proportions of rice protein : milk protein were 100 : 75, 100 : 
100, and 100 ; 125 in the fir.«t,>econd and third week respectively ns in the case of 
pulse period. The details of the test diets are given in Table H. Two subjects. 
B. B. and B. Ik. were ordinarily accustomed to an afternoon snack and they were 
supplied with lialwn. The fat used for cooknug was either ghee or hydrogenated 
groundnut oil. .Tust enough for cooking purposes was used and the amount varied 
from 35 g. to -1.5 g. Rico was boiled and gruel was made of pulses ; they were not 
rooked together or made into ' khichri Similarly, in the milk period whole milk 
a-as boiled in a pan and a mi.vture of boiled rice and milk was taken with a little 
quantity of added .mgar. Xo vitamin supplements were allowed. One of the 
suhjocts (S, A.) was accustomed to take tea but he wiliinglv refrained from the 
beyernge during the e.vperimontal periods. 
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' Table II. 


Composition of test diets* 



Bice protein : 

PULSE PEOTELN. 

Rice protein : 
PULSE PROTEIN.' 

Rice protein ; 
PULSE protein. 

Name of 
subjects. 

100 

: 75 

! 

100; 

; 100 

100; 

: 125 

- 

Rice, 

g- 

\ 

i Pulse, 

1 g- 
( 

Rice, 

g- 

Pulse, 
g- ^ 

Rice, 

g- 

1 Pulse, 

g- 

1 

1 

M.V. ... 

560 

114 

480 

136 

427 

151 

M. M. ... 

650 

114 

480 

136 

427 

161 

S. A. ..- 

634 

135 

556 

157 

494 

176 

I. L. 

634 

136 

556 

167 

494 

175 

B. S. ... 

1 

460 

98 

1 

402 

115 

1 

358 

125 

B. l\ ... 

460 

98 J 

402 

116 

368 

125 







' 

t 

Pulses completely ■ 

replaced by milk. 


Name of 
subjects. 

Rice, 

g- 

1 

j ml. 

Rice, 

g- 

f 

’ m\k, 

ml. 

Rice, 

g- 

1 iililk, 
i ml, , 

M, K. ... 

550 

838 

480 

1 971 

1 

i 

427 

1,082 

M. M. ... 

550 

838 

480 

971 

427 

1,082 

S. A. 

709 

1,080 

620 

1,265 

- 544 

1,465 

I. L. 

700 

1,080 

620 

1,265 

544 

1,465 

B. S. 

460 1 

1 

702 

402 

815 

358 

90S 

B. P. ... 

460 

1 

702 

402 

815 

358 

908 


* In addition to above the diets consisted of : — 


Cooking fat 

... 35 g. 

Potato ... 

... 120 g. 

Bottle gourd or vegetable marrow 

... 160 g. 

Leafy vegetable 

... 150 g. 

In the milk group, sugar 

30 g. 
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Results. 

The mean biological value was calculated 
formula ; — 

Body nitrogen retained 
B.V. = 100 X pqqiJ nitrogen absorbed 


according to the 


or in other words 

T otal nrinc N — endogenous urine N 
100 X 1 — Pood (fecal N — metabolic K)~ 


following 


The biological values are shown in Table HI : — 


Table III. 


Biological mines. 


Name of aubjeefi. 

Bice protein : Pulse protein. 

Rice protein : 

Milk protein. 

100 : 76 j 

100 : 100 I 

100 : 126 

100 : 75 

1 100 : 100 

100 : 125 

M. R, 

' 60 

69 ' 

50 

66 

03 

OS 

i 

M.M.' 

1 

1 

64 

61 

07 

60 

65 

S. A. 

1 

56 

01 

66 

60 

64 

1, L. 

, 64 

01 


71 

68 

63 

B. S. 

04 

I 

j 5S 

62 

68 

70 

67 

B. R. 

57 

t 

f 04 

54 

6'.» 

63 

' 68 

Mean biological 

1 67-S 

50-2 

.>6'4 

07-S 

60*5 

66 -6 

value. 

I 





1 


The mean biological values conic to 57'8. 59'2 and 5G'4 in the case of ratios of 
rice protein to pulse protein at 100 : 75, 100 ; 100 and 100 ; 125 feeding levels res- 
pecfivcl}'. The respective figures for milk and rice protein were G7'8. GO’S and 
OS’S. 7’hc average biological value of the proteins of a rice diet (with only 25 g, of 
pulses) was found to be 75 by Basu and Basak (he. cil.) in Dacca, whereas in the 
present' investigation it was approximately 5S with the pulse quota in the diet 
varying from 98 g. to 175 g. in the different test diets. The increase in the pulse 
quota may have been responsible for the lowering of biological value. . IVitli 
difierent quantities of milk also one would have expected a slightl)' higher 
biological value, but it may be noted that the protein level in the test diets was in 
the neighbourhood of 12 per cent instead of the 5 per cent level allowed to the 
s\ibjccts at Dacca. The figmres were subjected to statistical analysis and it was 
found that the difTerenccs noticed within the group with the same type of 
diet, i.c. rice and ])ulse proteins or rice and milk proteins, were not significant. 
In other words, the proportion of rice protein and pulse protein in the diet at the 
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/ 

le^Is under investigation made little or no difference in the biological value. 
The ]nilk protein also behaved in the same way. The difierence between the 
groups, i.e. milk and pulses, was, however, statistically significant and the 
former was found to possess a definitely superior biological value. 

Summary. 

The biological value of the proteins of mixtures of rice and pulse fed in different 
proportions to six human volunteers varied between 54 and 64. The corresponding 
values, when milk was substituted for pulses, varied between 60 and 71. 


The authors are obliged to the Indian Research Fund Association for a grant, 
and to Eai Bahadur Dr, B, P, Mozoomdar. Director of Public Health, Bihar, for 
his interest in the work and encouragement. 
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THE FOOD HABITS OF THE MUSLIMS OF BIHAR AND THE 
NUTRITIONAL >^TATE' OF THEIR CHILDREN. 

TtY 


1C. NITRA. 

{From the Bihar Nutrition Scheme, Public Health Laboratories, Patna.) 
[Received for publication, August 9, 1940.] 


Tntrodoction. 

An attempt has been made to study the food habits of the Muslim community 
in Bihar living in rural areas and belonging to different economic, social and 
occupational groups and also the nutritional state of their children. The present 
inquiry was undertaken as no records of a large-scale dietary and nutrition survey 
solely confined to Muslims are available. Investigations on families residing in 
urban areas were not undertaken for various rea.sons, the principal one being that 
life in cities often necessitates and results in a change of traditional dietary habits. 
The localities selected for survey in rural areas were such that the Ullages and their 
neighbourhood contained predominantly a Muslim population, and the families 
in each group studied consisted of the people belonging more or less to the same 
economic and social groups. Families with monthly incomes approaching Bs. 500 
or above have been e.vcluded.. as it was considered that their inclusion might 
interfere seriously with the average figures in the liigher income groups. The 
families were sampled from seven ciUl districts of the province. The examination 
of children, however, could not be confined to the families in which dietary 
investigations were carried out, since if this had been done the numbers examined 
in eacb of the nine localities surveyed would necessarily have been too small for 
the purpo.scs of study. Consequently, in each of the centres of investiaation 
almost all children b'etween the ages 2 and 14 years residing in and around 
the villages where dietary surveys were carried out'were examined clinically 
and anthrnpometrically. 


Dietaky investigations. - 

Dietary surveys, covering a period of 10 davs in each familv, were started 
early in the year 1939 and continued till the montli of February 1943 on the lines 
detailed in a previous communication from these Lahoratories (Mitra, 1940). The 

' • ( 29 ) 
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investigations were completed before the unusual rise in the prices of food- 
grains started in 1943. In the nine 'localities the food intake of 709 Lfuslim 
families, including a total population of 4,789 persons, was investigated. In the 
districts of Saran and Patna the families surveyed were economically better off, 
being tenant cultivators and cultivating proprietors (u])per-middle class). 

Table I, 


T/i-e (Usfrihi((io7i of families in the different districts and their 
average income and compositioot. 


Group 

symbols. 

Diatriot. 

1 

Speeinl sub- 
groups. 

Number of 
families 
j survc3’'ed. 

Average 
number of 
consumers 
per familj'. 

1 

Average 
number of 
consumption 
units (c.u.). 

Average in- 
come per c.u. 
per diem in 
annas. 

A 

Saran 

upper-middle 

class. 

j SO 

i 

9-0 

\ 

0-9 

9-2 

B 

Patna 


120 

7-3 

5*6 

8'b 

C 

j Gaya 

Momins 

20 

7-3 

5-3 _ 1 

7*5 

D 

j Gaya 

I Lower-middle 
class. 

143 

6-8 

1 

i 

4-4 

: 6-2 

E 

^ Shahabad 

1 

t 

56 

5-8 

4-4 

5-2 

P ... 1 

1 

Piirnea 

Jute culti- , 
vators. 

50 

5-0 

3-7 

4-4 

G ... ' 

Purnea 

Sisbadhia 

(cultivators). 

60 

8-7 

C-4 

3-7 

H 

Darbhanga 

Poor Pathans 
(cultivators). 

100 

C-7 

4-9 

- 2-8 

■K 

Santhal 

Perganas. 

Poor Momins 
(•weavers and 
cultivators). 

81 

4-9 

3-8 

1-7 


In Gaya and Shahabad districts (D and E) the families were tenant cultivators 
but of the lower-middle class. The Momins are mostly weavers by tradition but 
the families surveyed in Gaya district (C) were tenant cultivators, whereas those 
belonging to the district of Santhal Perganas (K) were weavers and agricultural 
labourers-, though most of them had very small agricultural holdings of their own. 
The weavers also were to some extent economically distressed during the period 
of survey as the price of cotton yarn had increased with no proportionate increase 
in the price of the coarse cloth which they produced. The jute cultivator group 
of families (F) were not so well off as previously, since during the year of survey 
(1942), jute, the main cash crop, was not fetching the usual good prices. Another 
point which deserves mention is that people in this particular locality are victims 
of hyperendemic malaria and they have to employ labour from outside on higher 
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wages as compared to wages prevalent in other parts of this pro\’ince. The 
Sisbadhia Muslims (G) claim tp have migrated from other parts of India. They 
live by cultivation (and at times by fishing) in the fertile Gangetic valley. Botli 
the Sisbadhia (6) and jute cultivator group (F) of families in tlie district of Purnea 
were mostly composed of tenant cultivators ; tlie families surve)’ed in Darbhanga 
district^were poorer-class tenant cultivators and also agricultural labourers. 


Table II. 


Consumption of different classes of food per c.u. per diem in oz. 
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07 



U 
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00 

3 



O 




• 

"o 

a 



et 

CJ 

Ui 

CJ 

> 

to 

o 1 

> 

j 

a ‘ 

en 

‘o * 

C 

07 

s 

s 

"O 

' *3 

1 C 

1 n 

» 1 

c 

^ 1 
S 

X 

ra 

o 

£ 


s 

CQ 

01 

CO 

tb 

*•-1 

a 1 

07 

’so 

s 

a 

= 1 


a 

a 

a; 

6 

. ^ 




» 1 
^ 1 

u 

c 

U 


A ... 

22-3 

4-8 j 

1 

0-3 

1 

4-G j 

1 

1*3 

3*7 1 

1 

1 1 

5*2 

0*3 1 

1 

1-4 ! 

0-9 

K ... 

18-0 

4-1 

1 

1-2 

o‘9 ! 

1-8 

1 

3*7 

1, 

0-0 

1-8 ! 

0-0 

C ... 

23'2 

6-2 

0'7 

4-7 

0-9 

1*5 i 

j 

1 4-3 

1 

0-1 

1-2 

0-S 

B ... 

20-0 

0-0 

0'7 

2*/> 1 

1 

0-S 1 

1 

1*7 

1 

3*3 

0*2 

i 

1-1 

0-4 

E ... 

18-G 

2-8 

' 0-5 

1 

1 

2T> 1 

j 0-9 

2*2 i 

1-1 

X,l 1 

1 

1*3 

0-3 

E ... 

28-8 

0-S 

( 

! 2*4 

2 0 

0-3 

1-3 

0-1 

1*5 ^ 

1 

0-8 

0-1 

G ... 

22-0 

0-S 

2*2 

0-9' 

0-2 

1-8 

M i 

. 4-G j 

1 

0*2 ^ 

1 

0-2 

H ... 

16-4 

.'i-3 

0-2 

(5-4 

0-,-. 

1-0 

1-2 

*Vi7 j 

1 

0*5 ( 

0-1 

K ... 

20-2 

0-7 

0-3 

1-2 

1 

' 0*2 

0-.-, 

1 

0*4 i 

1 

.Y,7 

0-3 1 

1 

yn 


On termination of the dietary surveys discreet attempts were made to assess 
the approximate income of each family on tlie basis of the average of the last three 
years. The average daily income in annas per o.u. in each of the groups of families 
along with the actual number of consumers in each family, the estimated number 
of man-value consumption units (c.u.) and other details are shown in Table I. The 
average daily consumption of the different type of edibles per c.u. in all the nine 
family groups has been given in Table II. The group symbols suggested in Table I 
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have been used in Table 11 and also in the text for the purposes of abbreviation. 
In some of the groups the pulse intake figures are higher than 6-0 oz. This is not 
surprising as Bengal gram flour was consumed in addition to the usual pulse 
gruel. The extremely inadequate intake of pulses amongst jute cultivators is 
compensated for by the unusually high intake of cereals. The Momins of 
Santhal Perganas were too poor to purchase adequate amounts of pulses. 
Though inadequate, the better consumption of milk and milk products as well 
as fruits and nuts by the Sisbadhia Muslims (G) deserves mention as their 
cousins (F) in the other part of the same district and belonging to almost the 
same economic level were found not to consume these protective foods in ^ 
any appreciable degree. Consumption of eggs was recorded in groups A 
and B only. The cereals consumed consisted of rice, wheat, maize and millets 
(mainly mama or Elenswe coracami). Rice was the most popular cereal and 
wheat came' next in order. The pulses consisted of red gram, lentil and Bengal 
gram, though small amounts of black gram, horse gram and lathyrus were 
eaten. The non-leafy group of vegetables consisted of potato (except in some 
of the poorest homes), brinjal, vegetable marrow, cluster beans, bottle gourd, 
ridge gourd, turnip, cauliflower, etc. Mustard oil was the main cooking fat. 


Table III. 


Consampdor m oz. of differeiU foods per c.v. per diem at different 

income levels. 
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! 
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1 6 

per c.u. 1 

^ . 



3 

1 tJ) 

crl 



3 


* 1 

! g 

per diem 

S' 



\ ^ 

0) 

1 ^ 

*o 

0? 

a 



'•P 


in the 

^ o 

. K 

1 


fee 



o 


P 


o 


family. 

c? 

!z; 

Cereals. 

Pulses. 

J-* 

cc 

U 

a 

<u 

C 

o 

C * 

c3 

, IT ' 

1 

C3 

i 

"w 

o 
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P 

ip 

ci 

w 

I ! 

1 ^ \ 

S 

P 

a 

tS 

a 

5 i 
- o 

rt P 
u a 

g § 

< 

Up to 2 annas 

1 

226 

1 

! 19-0 

1 

1 3-4 

0-7 

! 3'0 j 

0-4 

1 

M 1 

0-9 

0-2 

0-6 

0-S 1 

1-4 

Up to 4 annas 

233 

21-3 

4-8 

1-0 

3-4 1 

1 

0-G 

2-0 

1-9 

0-7 

0-9 

0-3 1 

2-9 

Up to 8 annas 

142 

20-7 

5-0 

0-8 

4-1 1 

11 

2-.'> 

3-.J 

1-0 

1-3 

0-5 j 

5-4 

Over S annas 

1 

108 

20-3 

4-7 

I'O 

5-7 1 

1 

1-8 

3-r. 

5-8 

0-9 

1-8 1 

1-0 ; 

i 

18-4 


* Plainly sugar and jaggery. 


In Table II, the families, irrespective of their geographical distribution, have 
been classified into four income groups in .order to study the effect of income on the 
consumption of the different classes of foods, particularly those of the protective 
groups. As the total income of any family does not often convey any idea’" as 
regards its purchasing power the families have been classified on the basis of income 
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per consumption unit per diem in annas. In the absence of suitable cost coefficients 
for family members of different age and sex, the calorie coefficients suggested by 
the League of Nations have been used in computing the income per consumption 
unit (c.u.) per-diem. The noticeable feature in the table is that -srith increase in 
income the consumption of almost all classes of food except grain foods and leafy 
vegetables increased. The consumption of all vegetables was below the desirable 
level ex’-en in the highest income group. One would not expect people of the upper 
income groups to increase the consumption of grain foods, e.g. cereals and pulses, 
but the absence of increase in the intake of leafy vegetables once more bring into 
relief the ignorance of healthy food habits. This particular feature, noticed in 
the diet of the rural population in the present inquiry, was in beeping with 
similar findings recorded by -the present author (Jlitra, 1910) in dietary surve 5 's 
of urban families in the industrial city of Jamshedpur. The consumption of milk 
products and fruits leaves much to be desired. Families with a daily income of 
slightly more than one rupee and two annas per consumption unit could certainly 
have afforded to include larger amounts of milk and fruit in the diet if health)' 
food habits were known. Unfortunately, the figures recorded in the present 
inquiry cannot he. compared with, the observations made by others, as even in 
the comprehensive monograph published by Wilson and Widdowson (1942) 
the Muslim families surs'eyed have been classed as ‘ middle class ’ and ‘ poor ’ 
without any reference to their approximate income. 

The recent food shortage and increase in price levels afforded on opportunity 
of observing how' people of the upper-jniddle class reacted to unusual conditions 
w'ith reference to their food habits. During the months of Pebruar)’ to March 
1943 a re-survey of diet was carried out in 114 families of Patna district (group B. 
Table II) which were surveyed originally during the months of Septenil)er to 
November 1 939 (sec Table IV). It was found that fruits and sugar had completely 
disappeared from the diet. A reduction of 68 per cent was noted in the 
consumption of milk. Corresponding reductions in the consumption of leafy 
vegetables, cooking fats and flesh foods were approximately 67, 6] and 54 percent 


Table IV. 

lie-survey of diets in Hi fa^nilies (1943), 
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respectively. The cereal quota in the diet increased by a little more than 5 per 
cent probably to compensate for the lo.ss of calories due to the reduction in intake 
of protective foods. 

Tablk V, 


Heiffhl in inches and iceight in ^pounds of children. 


1 


Boy.s. 


Girls. 

Age in years, j 

1 

Number 

cxamineil. 

Heiglit in 
inches. 

Weight in 
pounds. 

Number 

e.vnmined. 

Height in 
inches. 

Weight in 
pounds. 

Above 2, Init 
up to .S. 

221 

32-2 . 

22-S 

174 

31-7 

• 22-3 

Up to 4 

293 

.35-8 

27-.7 

1.S9 

.35-1 

2G-S 

Up to .5 


,39 1 

31-1 

239 

39-0 

30-9 

Up to 6 

444 

41-4 

34-3 

230 

41-4 

33-1 

Up to 7 

440 

43-7 

38-0 

23C 

43-5 

3Cr9 

1 

Up to S 

381 

45'C 

40-9 

108 

45-3 

40-0 

Up to 9 

491 

40'9 

43-4 

189 

46-G . 

42-3 

Up to 10 

583 

48-G 

47-0 

1.70 

48-1 

4G'0 

Up to 11 

510 

50'S 

51 -1 

109 

50-0 ’ 

51-0 

/ 

Up to 12 

497 

52-3 

■yO-G 

72 

51-4 

55 '3 

Up to 13 

402 

54-7 

G2-9 

23 

53-G 

62-4 

Up to 14 

361 

57-2 

65-0 


... 

/ 


Nutrition survey. 

In each of the nine localities (A to K, Table I) where dietary surveys were 
carried out a large number of children were examined to discover their state of 
nutrition and rated as ‘ good ‘ fair ’ and ‘ poor ’ by naked-eye examination, m 
addition to the measurement of their height in inches and weight in pounds. In- 
vestigations for some of the frank signs of deficiency, e.g. phrynoderma, xeropli- 
thalmia and angular stomatitis were also carried out. All children examined 
in any particular area were not of precisely the same economic status ; the only 
criterion for selection was that they belonged to Muslim families and were above 
2 years of age and up to 14 years. 

The average figures for girls were slightly lower than those of the boys. 
On comparing the figures with those of Muslim boys and girls in wheat-eating areas 
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in North India as recorded by Wilson and Widdowson (loc. cit.) it is found that the 
Bihar Muslim children are less tall and less heavy in all the age groups from 5 years 
onwards. 

In locality A, 511 children were thus examined. The respective numbers 
examined in localities with group symbols B, C, D, E, F. G, H and K were 999, 
566, 946, 628, 452, 1,161, 663 and 833 respectively. In other words all the 
localities are well represented and in all 6,766 children consisting of 5.013 boys 
and 1,753 girls were examined. 

The rating of their nutrition as ‘ good ’, ‘ fair ’ and ‘ poor ’ was done by naked- 
eye examination on the lines detailed in a previous communication from these 
Laboratories (Mitra, 1940). 


Sex. 

Good, 
per cent. 

; Fair, 
per cent. 

[ Poor, 

: per cent. 

Boj’s ... 

1 

. ! B-9 

1 

66-7 

29-4 

Girls ... 

1 

6-0 

G4-5 j 

29-5 

All children 

1 

■ 4-4 

1 

1 

i 

eo‘i j 

j 29-4 

I 

L 


Though on the average only 29-4 per cent of all children were found to be in a 
‘ poor ’ state of nutrition yet the percentage of children rated as ‘ poor ’ varied in 
different localities. It was 25-2 per cent in area A. 28-9 per cent in area B, 40' 1 
per cent in area C, 26-9 per cent in area D, 23-9 per cent in area E, 22-3 per 
cent in area F. 23-9 per cent in area G, 39-8 per cent in area H and 35'8 per cent 
in area K. 

One of the other indices of nutrition that have been recommended by nutri- 
tion workers in India is the percentage incidence of some of the frank signs of 
deficiency, e.g. phrynoderma. xerophthalmia and angular stomatitis. The per- 
centage of children found to be suffering from such signs were as follows : — 


Se.'s. 

I'lirynodernin. 

XerophthaJmia. , 

1 

[ 

1 Angular 

1 stonjatitis. 

Any of the 
FjgnF. 

j 

f,-9 

1 1 

1 i 

[ 2-1 ’ 

1 

' 6-2 

I 

13-1 

OirU ... 1 

1 

1 «>•.> 

! 1 

0-0 j 

i .s-s 

6-3 

All cIuKircn ... j 

j 

' 4*0 

[ 

1 ; 

i-s ; 


n -4 
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Th question that naturally arises is whether in those areas, where there 
yras a larger incidence _ of ‘ poor ’ nutrition, there was a proportionately greater 
incidence of these deficiency signs. For this purpose the localities have been 
classed into 3 zones : (a) where the incidence of poor nutrition is up to 
25 per cent, (6) where the incidence of poor nutrition is above 25 and up to 
30 ^er cent, and (c) where the incidence of malnutrition is above 30 per cent. 
Each zone covered 3 of the localities surveyed and the number examined in each 
exceeded 2,000 {see Table VI). It appears that the percentage incidence of 
‘ poor ’ nutrition in children was not correlated with the percentage incidence of 
deficiency signs. 

Table VI. 


Percentage incidence of deficiency signs in graded zones of ‘poor’ nutrition. 


CJass interval 
of percentage 
incidence of 
poor nutrition. 

Group symbol 
of localities. 

1 j 

Number of ' 
1 children. 

' • 1 

1 PUBCENTAGE INCIDENCE OF 

Piiryno- 

derma. 

Xeroph- 

thalmia. 

Angular 

stomatitis. 

Any of the 
.signs. 

Up to 25 

E, F and G i 

1 

1 i 

i 2,251 

1 

1-24 

1 

1-24 

1 

C-35 

S-35 

Over 26 

1 

1 A, B and D I 

1 1 

2,463 1 

1 

8-24 

! 1-30 

C-85 

U'OO 

Up to 30 

Over 30 

/ 1 

C, H and K j 

1 

1 

! 

1 2,062 i 

i 

4-99 

1 

1 

I 

^ 2-Sl 

3-25 

10‘3S 


Knudsen-Schiotz index. — Out of the total number of children the dorsal and 
median furrow of 3,541 boys and 1,036 girls were examined according to its 
continuity or tortuosity as detailed by Bigwood (1937). According to this index 
of malnutrition only 21 '6 per cent of the boys and 22'4 per cent of the girls were 
diagnosed as being in an unsatisfactory state of nutrition, whereas according to 
naked-eye examination, a higher percentage, e.g. 29-4 per cent of the boys and 29‘6 
per cent of the girls, were rated as showing ‘ poor ’ nutrition. This finding confirms 
a previous observation of a similar nature made by the author about 3 years ago 
(Mitra, 1942), after applying the Knudsen-Schiotz index to a little over 2,000 
children. 

On further analysis of the data it is found that in the case of boys diagnosed 
to be in a ‘ poor ’ state of nutrition only 38’6 per cent were selected as ‘ unsatis- 
factory ’ and in the case of girls the corresponding figure was 49'7 per cent, in other 
words, about 50 to 60 per cent of the children rated as ' poor ’ were not selected by 
this index. Again, out of the total number of children selected as ‘ unsatisfactory ^ 
(in other words malnourished) by the Knudsen-Schiotz index 29'4 per cent of the 
boys and 26 '6 per cent of the girls were classed as ‘ fair ’ by the naked-eye rating of 
nutrition. In the circumstances, the method cannot be recommended as fully 
satisfactory for the assessment of malnutrition. It must, however, be admitted 
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that none of the children rated as ‘ good ’ were selected as malnourished by this 
index. 

Summary. 

1. Dietary surveys of 709 Muslim families of different economic and social 
groups, consisting of 4,789 persons, were carried out in the promnce of Bihar during 
the years 1939 to 1943. With increase in income the consumption of pulses, fats 
and oils, flesh food, non-leafy vegetables and milk and milk products increased, but 
the consumption of an important protective food, leafy vegetables remained un- 
affected. The intake of milk and vegetables even in the highest income group 
with an average daily income of more than one rupee and two annas per day per 
c.u, was not satisfactory. This state of affairs can be ascribed to ignorance of 
healthy food habits. During a re-survey of 114 families during the food shortage 
of 1943, it was found that intake of protective foods like milk and leafy vegetables 
was greatly reduced. 

2. In and around the villages where diet surveys were carried out. 0.766 
children were examined to assess their state of nutrition. The incidence of ‘ poor ’ 
nutrition varied from 23 per cent to 40 per cent. The integrity or continuity of 
the dorsal or median furrow (Knudsen-Scliiotz index) was not found to be a fully 
satisfactor}’^ index of the state of nutrition. About 13 per cent of the boys and G 
jjcr cent of the girls were found to be suffering from some of the signs of vitamin 
deficiency. 

The author is obliged to his assistant. Dr. N. P. Vanna, for assistance in the 
nutrition survey work, and to his former chief, Rai Bahadur Dr. B. P. Mozoomdar, 
Director of Public Health, Bihar, for his interest in the investigation. 
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NOTICE. 

The following has been received for announcement. 

— Editor, J.J.M.Tt. 

Isi January, 1947. 

BRITISH COMMONWEALTH AND EMPIRE HEALTH AND 
TUBERCULOSIS CONFERENCE, 1947. 

A Conference on Tuberculosis, arranged by tbe National Association for tlie 
Prevention of Tuberculosis of Great Britain, vill he held in London on the Stli. 
9th and 10th of July, 1947. The Conference will deal with tuberculosis in all its 
aspects, but with special reference to the problem as affecting the British 
Commonwealth, and representatives from all the Dominions and Colonies have 
been invited. 

The sessions will include discussions on Tuberculosis in the British Common- 
wealth and the Colonial Tuberculosis .Services ; .Sanatorium Design ; After-care 
and Rehabilitation : the Psychology of Tuberculosis ; New Discoveries in the 
Prevention and Treatment of the Disease : and the National Health .Service and its 
Bffect on Tuberculosis Schemes. 

Plans are being made for overseas guests to see something of the anti-tuber- 
culosis work for which Great Britain is famous, and will include visits to sanatoria, 
hospitals and clinics, and demonstrations of various kinds. The Conference is 
open to both doctors and laymen, and fuller particulars can he obtained from the 
.Secretary-General. National Association for the Prevention of Tuberculosis. 
Tavistock House North, Tavistock Square. London. W. C. I. 


( 39 ) 
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A FEEDING EXPERIMENT ON INDIAN ARMY PIONEER 
RECRUITS, WITH SPECIAL REFERENCE TO THE 
RELATIVE VALUE OF MEAT AND MILK 
IN RATIONS. 

I Y 

0. P. VERMA, 

C. K. DILWALI, 

AND 

A. M. THOMSON. 

(From the Nvlritioii Section, Department of Hygiene & Pathology, Medical 
Directorate, General Headquarters, India.) 


[HocoivccI for publication. Dfccuiber 31, 1940.] 

In anofclier coininunicnt.ion, Vcniia (I91G) itas describccl tlic niifritional .stafiis 
ol Soutli Indian pioneer recruits, and lias demonstrated a correlation between 
the degree of muscular development and the incidence of clinical signs of 
malnutrition. This paper deals with the response of the same men to different 
diets during the first 24 weeks of recruit training. The work was carried out be- 
tween May and December 1915, in Harihar (Mysore State). 

Plan or e.vpkri.ment. 

Subjects . — .V total of 801 newly enlisted South Indian jiioneer recruits was 
.studied. Details of their racial compo.sition and initial hcight.s and weights have 
already been reported (Yerma. loc. cil.). The groups were built up bv taking 15 
uuselccted men from fresh arrivals into the experiment daily during >raV and June 
(men who had received army ration for more than 2 weeks previously were, how- 
ever. rejected). All subjects underwent normal training. Routine anthelmintic 
treatment was withheld. After 24 weeks on controlled diet, the men were dis- 
charged from the exjwrimcntal list. 

Diets . — Three different diets were used : — 

-A. ‘ Basic diet ' — the normal armv scale. 

( li ) 


.1. MU 


1 
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B. ‘ Meat diet ’ — similar to basic diet, but the normal issue of meat (2 oz.). 

tinned fish (li oz.) and skim milk powder (f oz.) were replaced by 

fresh meat only (12 oz. dressed, including bone). 

C. ‘ Millr diet’ — similar to the meat diet, but 12 oimces of meat was 

replaced bj* 48 ounces of fresh milk (or equivalent in tinned 

milk). 

Details of quantities and composition of these diets are given in A 2 )pendio: I. 
In order to check the nutritive values of the actual meals consumed the following 
method was adopted : One man selected at random was approached immediately 
after he had been given his share from the cookhouse. The food in his mess tins 
was removed completely. This was repeated at all four meals during the day. 
The total daily diet thus collected was analysed. This was repeated from time 
to time during 24 weeks and it was found that the actual and calculated nutritive 
values did not differ widely. The total and animal proteins supplied by milk and 
meat diets were of the same order. 

The diets were cooked and served at separate cookhouses and dining halls. 
Full records were kept of the amounts of different foodstuffs issued to cookhouses 
and of the weight and nature of all kitchen and plate wastage. Menus were 
prepared in consultation with the men. so as to provide attractive fare and lessen 
wastage. 

Attendance of the right men at the right dining halls was controlled by keeping 
an attendance roll and by precautions designed to prevent mistaken identity. 

Grouping of subjects .- — Subgroups were arranged within each of the three 
dietary groups in order to test the effect of ferrous sulphate on the blood picture, 
giving seven experimental groups in all ; — 

A. ‘ Basic group ’ ; 

(1) On basic diet. 

(2) As (1) plus G grains FeS 04 daily. 

(3) As (1) plus 3 grains FeS 04 daily. 

B. ‘ Meat GROUP ’ : 

(4) On meat diet. 

(5) As (4) plus 6 grains FeS 04 daily. 

C. ‘ Milk group ’ : 

(6) On milk diet. 

(7) As (6) -plus 6 grains FeS 04 daily. 

The subjects were divided equally between these seven groups. 

Since one of the main intentions in planning this experiment was to_ study 
the effect of the various regimes on the blood picture, subjects were equalized in 
the subgroups according to haemoglobin level categories at intervals of 0-5 g. per 
100 c.c. of blood. To each haemoglobin category different sets of random numbers 
(1 to 7), taken from the tables by Fisher and Yates_ (1943), were allocated. For 
each hfemoglobin category restricted random distribution of subjects to the vmipus 
experimental groups was made in accordance with these numbers. Statistical 
tests show that this technique successfully randomized other variables, e.g. height, 
body-weight and deficiency signs, etc., beWeen the experimental groups. (For 
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further details, see the report, on the hematological data by Hynes. Ishaq and 
Verma, 1946.) 

Records kept for each subject . — 

(1) Age, as given by the recruiting officer. 

(2) Haamatological data {see Hynes el nl, loc. cit.). 

(3) Weisht. measured to the nearest quarter pound on a standardized lever- 
type machine, before breakfast and after evacuation of the bowels, 

(4) Height, measured to the nearest quarter incli against a vertical scale, the 
subject standing ‘ at attention ’ with heels, buttocks, shoulders and occiput m a 
vertical line. 

(5) Hesults oi a complete clinical examination, special note being made of 
muscular development and lesions indicative of specific dietary deficiencies. 

Each subject was examined when he joined the experiment and therc.after at 
intervals of 8 weeks, thus providing a set of fom observations for each. 

Owin" to wastage (from illness, desertion, etc.), complete records for all sub- 
jects beginning the experiment were not available. It uas decided to exclude, 
from the analysis, records of all subjects who canie off the experimental diets for 
3 weeks or more at any time. Thus, out of the 801 original subjects, records of 
616 men only were utilized for statistical analysis. 

In the analysis which follows, onlv the three dietary groups are considered, 
since there is no reason to belier^e that 'the PeSO^ treatment of subgroups exercised 
any significant influence on the data reported in this paper. 

To save space and assist clarity, only the main findings are reported in the 
following sections. "Notes on the stetistical treatment of data are given separately 
in Appendir JI. 

EpFECTS 0'S ■WEIGHT. 

Graph 1 presents the curves for mean increase of weight for the 3 dietary 
groups. In all the three groups, weight increases rapidly at first, then slows down 
and cease.s after about 16 weeks. The algebraic equation ; W = A-f Bt-f-C (t^— 6/4) 
was fitted to the four readings of body-weight of each subject by the method 
of least squares, where W is the weight at any tirne ft) measured from the mid- 
point of the experiment, A the mean of the four weight readings, B the mean 
growth rate, and C half of the mean change in growth rate. Table I gives 
the mean values for B and 2C in each dietary group : — 

Table 1. 


Mcao rate of weight increase {B) and mean change 
in grou-th rate {2C1. 


Group. 

j Xuraber of 
’ subjects. 

! 

1 Mc-m B 

I (Ib./S veefcs). 

1 

1 Jfcan 2C 

i pb./(8 vecks)*]. 

1 

Basic ... 

.. i m 

) 

i 

-S'UP 

Mr.it ... 

17S 

-^2-T49 

— 3*G03 

Milk ... 

ITT 

-2-193 

-3-2S1 
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Iiate of increase of weight is greatest in the meat group and least in the milk 
group. 

Before coining to any conclusion, it is necessary to consider the effect on the 
growth rate of initial body-weight, age and initial height as these factors, although 
distributed at random, were not equalized between different dietary groups. 
..-kljustment for these initial differences was made by analysis of covariance. 
Table II compares the unadjusted mean growth rate in each group with the growth 
rate adjusted for differences in initial weight, height and age: — 

Table II. 


Mean rate of weight increase {Ib.JS weelis). 


Mean B. 

Basic groiii>. j 

1 

Meat group. 

Milk group. 

Unadjusted 

2'419 ! 

1 

2-749 

2-193 

Adjusted 

2-432 ; 

1 

2-750 

2-173 

1 


The adjustment does not cause any change in the relative position of the three 
dietary groups, though each of the factors was found to influence growth rate signi- 
ficantly. Tests of significance applied to the differences between the growth rate 
of the three dietary groups yield the following results : — 

1. The superiority of the meat group over the milk group is highly 

significant (]?<0’001). 

2. The superiority of the meat group over the basic group is doubtfully 

significant (0'05>P>0'02). 

3. The difference between the basic group and the milk group is not signi- 

ficant. 

Note . — The recorded ages of subjects were doubtless, inaccurate in individual 
cases, since it is probable that many men overstated their ’ages (to evade the 
imnimum official age for enlistment, which is 18 years) and others did not know 
their ages exactly. We, therefore, used height increase in 24 weeks as a measure 
of adolescence in place of age. To test the assumption that increase of height 
would be a measure of adolescence, we correlated the stated age of each subject 
with the amount of height increase during the experimental period of 24 weeks. 
Six hundred and sixteen pairs of readings gave a correlation coefficient of O'l, 
which is significant. This justifies our using the increase of height during the 
24 neeks in place of stated ages for adjustment of growth rate in the analysis 
of covariance. 

Effect of are. 

The subjects in each dietary group were divided into two age categories : 
(a) those below 25 years (probably still growing), and [b) 25 years old or older 
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(growth- probably ceased). Table III shows the mean rates of weight increase 
for each age category : — 

Table III. 


Mean growth rate (Ib.jS weehs) according to age 
and diet. 


Age group. 

Basic group. 

I 

1 

Meat group. 

Milk group. 

] 

1 

Below 25 years ... 

t 

2-437 (210) 

1 2-737 (14!)) 

1 

2-mr (LVi) 

25 yeais or older ... 

2-324 (42) 

2-809 (20) 

2-833 (2n 


Figures m brackets indicate mimbei-s in each group. 


A reduced analysis of variance (after adjustment by analysis of covariance) 
shows that onl}’ in the millc group docs the growth rate of the two age categories 
differ significantly. This result indicates that the basic and meat diets provide 
an equally good stimulus for weight increase, irrespective of age. but the milk diet 
is relatively inferior for younger subjects who are still growing. It also appears 
that both age categories were considerably underuourished since subjects whose 
normal growth had ceased put on weight equallj' vith tbo'c who are still of a 
‘ growing ’ age. 

Effect of stale of mitrilion. — Subjects were divided into the following two cate- 
gories in accordance with data obtained at the first clinical evaminatiou : (a) those 
with signs indicative of specific deficiencies, and (b) tliose without .such signs. 
Table IV shows tlie unadjusted mean growth rates for each category and dietary 
group ; — 

Table IV. 

Mean growth rates {Ib.ff ireeJ.s) according to state 
of nutrition. 


tsutritional category. 

B.i-ic group. 

Meat group. 

Milk group. 

Subjects w-ith dcficicney signs ... 

2-072 (14S) 

j 2-9.39 (95) 

2-248 (10!) 

Subjects v\-itIiont deficiency signs 

2-OSS (11.3) 

2-531 (S3) 

2-121 (7G) 


Figure-: in brackot-- indicate niimiieri in each group. 


It win be seen that tlie ‘ deficient ’ subjects had a higher growth rate than the 
‘ uon-deficient ’ subjects. Tlie difTerenccs arc significant in tlie meat and basic 
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diet groups when adjustments are made for initial height, body-Aveight and height 
increase. In the milk group, the difference is not significant even when a break- 
down by age categories is made. Tor all diet groups taken together, the difference 
is also significant (P<0'01). 

Comparison of the mean groAHh rates for each category as between the 
various dietary groups indicate that for the ‘ deficient ’ subjects, the meat diet is 
significantly superior to the milk diet, but not to the basic diet, the differences for 
‘ non-deficient ’ subjects are not significant. 


Effect.? om height. 

Two hundred and seventy-six subjects out of the total of 616 showed a 
measurable increase of height during the experimental period ranging from 0'6 
to 1'5 inches. The number of subjects showing an increase of height and average 
extent of increase for each group is shown in Table V ; — 


Table V. 


1 

Group. 

' 1 

Total 1 

subjects. 1 

i 

1 

Number showing 
height increase. 

Mean increase 
(inches) for 
subjects showing 
increase in 
height. 

i 

Basic ... ' 

1 

1 

261 

116 

0-621 

Meat 

178 

76 

1 

0-626 

Milk 

177 

84 

0-631 

1 


X-squared test shoAvs that the proportion of subjects showing an increa.se of 
height in each group does not vary significantly. The mean increases of height 
for each group are also not significantly different as seen by analysis of variance. 
The diets over a short space of 24 weeks, therefore, do not appear to affect differen- 
tially either the numbers shoAving increase in height or the extent of height 
increase. 

Nutritional status. 

Some of the difficulties of recording objective clinical data m an experiment 
of this nature harm already been noted (Thomson, Verma and DilAvali, 1916). In 
this experiment, careful records Avere kept of the condition of skin, eyes, mouth 
and genitals at each 8-Aveekly examination. Table VI has been constructed to 
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show the incidence of certain reasonably well-defined conditions at the begiimiug 
and at the end of the feeding period:— 

Table VI. 

Nurnber of subjects sJmving certain clinical sir/nn. 


1 

t 

Basic group 
(261 subjects). I 

1 

ME-at fiEOcr 
(178 SUn.7ECTS). 

~ Mile group 
(177 SCBJECTS). . 

Clinical sign. 5 

Beginning. 

1 

1 

End. 1 
1 

1 

Beginning. 

End. 

1 

lletrinning. 

End. 

Dry akin 

187 

1 i 

60 

Ill 

36 

124 

34 

1 

Rough skui 

1 

130 

61 

1 

88 

34 

so 

27 

PhrynoJerma 

Nil 

Xil 

1 

2 

.Vi7 

D 

1 

Xerosis conjunotiv® ... 

1 

22 

1 

13 

1 

30 

IS 

Angular stomatitis ... 

’ it 

Nil 

' 3 

Nil 

3 

Nil 

Fissured tongue 

12 

1 

4 

s 

1 

1 

I 

1 


*} 


X'-squared tests show that the proportions of sulqccts showing these signs 
do not differ significantly between groups either at the beginning or at the end of 
the e.xperiinent. Our clinical impression is that the severity of the lesions was 
likewise similar in each group. The time taken for the disappearance of the various 
signs did not vary significantly in the different groups. There was, how- 
ever, a distinct clinical impression that .subjects in the milk group had smoother 
and glossier .skins at the end of tlie 24 weeks. 

Discussion. 

In a previous feeding c.vpeiiment on Indian recruits it wac found that the gaiji 
of weight produced by a basic diet similar to that used in the pre.=ent e.vperimenf 
was not - accelerated by the addition of Ifi ounces of milk (Thomson cl ah. loo. cit.) 
The analysi.s of the data reported in this p.aper indicate that when 12 ounces o? fresh 
mutton (meat diet) or ounces of fre.sh milk (milk diet) or 2 ounces of fre-h mut- 
ton plus I J ounces of tinned fish plus ? ounce of skim milk powder (basic dicti 
arc added to an otherwise con'^tant diet conforminu to a cenerallv sjins.factorv 
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nutritional standard (see Appendix I), meat diet produces a "weight gain "which is 
significantly greater than that produced by the milk diet or tlie basic diet in 
subjects showing deficiency signs. On the other hand, we have the impression on 
purely^ clinical evidence that the milk alone caused a relatively greater improve- 
ment in skin texture. 

The effect of meat on the weight gains of our subjects was somewhat 
unexpected. It is not due to a greater calorie intake on the part of the meat group, 
and, therefore, seems to be due to some nutritional quality inherent in meat. In 
the absence of definite evidence, we ean only speeulate on the nature of 
this mitritional quality. It is generalty accepted that the proteins of milk have 
exceptionally good growth-promoting qualities (as would be expected in a food- 
stuff which forms the sole source of nourishment for new-born animals). ^Miile 
we have not attempted to review the literature in detail, there does not seem to be 
any conclusive evidence that the proteins of meat possess growth-promoting 
qualities superior to those of milk. (It should be remembered that in all the diets 
under consideration, an ample supply of protein and a high proportion of animal 
protein — for Indian diets — was available.) It is possible that the effect of meat was 
not due to protein but to a stimulating effect on metabolism generally. Colour is 
lent to this view by the finding that the meat diet was also superior to the milk 
and basic diets in respect of hcemoglobin regeneration (Hynes ei al., he. cit.), and 
by the work of AVlrippIe and his colleagues on the role of different foodstuffs in 
haemoglobin regeneration (^A^^ipple, 1942). 

Our finding that subjects below 25 years of age on the millr diet showed a 
rate of growth inferior to that shown by meat group and also of older men in the 
milk group is difficult to explain and would appear to require experimental con- 
firmation. Another somewhat unexpected finding is that the millc diet was in- 
ferior to both the meat and the basic diets for production of weight increase among 
subjects with definite clinical evidence of specific nutritional deficiencies. 

The present finding, that meat has a value superior to that of milk for 
promoting increase of weight, together with that of Hynes et al. (he. cit.) that meat 
has special value in blood regeneration, requires careful consideration and, if 
possible, experimental confirmation, in connection with nutritional policy in India. 
It is believed that this is the first experimental evidence derived from work on 
human beings, that a lacto-vegetarian or semi-vegetarian dietary may be intrin- 
sically inferior to a meat dietary. The implications in respect of a predominantly 
vegetarian population like that of India do not require stressing. 

Thomson et al. {he. cit.) have stressed the value of really nutritious diet in the 
physical regeneration of undernourished Indians recruited into the army. The 
work now reported confirms this view. The South Indian recruits dealt with are 
amongst the smallest and most illnourished recruits which the army has ever 
accepted. With proper feeding and a healthy environment, they can be and are 
being transformed into reasonably useful soldiers who can undertake the strenuous 
work required of pioneers. The physical disabilities imposed on them by continued 
under- and malnutrition during childhood and adolescence can by no means be 
overcome entirely by good feeding when normal growth has practically ceased ; but 
if better recruits are not available, it pays to provide the best diet that can be 
pro"\dded. According to our findings, meat should form a substantial part of such 
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a diet. In tlie case of Soutli Indian recruits, there is no difficulty in persuading 
them to eat 12 ounces of meat daily, and this would probably be true of all classes 
except those whose religion imposes a definite ban on the consumption of meat. 
This is stressed, since it is often stated that the majority of Indians would not eat 
meat even if it were provided. 

SUMJIAKY. 

1. A feeding experiment" was carried out at an Indian Army Recnrit Training 
Centre over a period of 24 weeks. The methods and diets used are described. 

2. All the three diets (basic, meat and milk) caused a gain in weight of tlie 
recruits which, however, was highest on the meat diet and lowest on the milk diet. 

3. All subjects showing specific nutritional deficiency signs gained weight 
more rapidly than the subjects not showing those signs. Jl'eat diet ^yas 
significantly superior to milk diet for ‘ deficient ’ cases. Subjects without specific 
nutritional deficiencies put on weight equalh^ rapidly on all the three diets. 

4. All the three diets produced a marked clinical improvement. It is be- 
lieved that milk accelerated clinical improvement which was manifested in an 
improvement of slrin texture. 

5. No diet affected the increase in height of the recruits differentially. 
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APPENDIX 1. 


A — Scales of diets as given and consumed. 



Basic. 

1 

I Meat. 

1 Milk. 

Foodstuffs. 

Scale as 
given (in 
ounces). 

Scale as 
actually 
consumed 
(in ounces). 

1 

Scale ns 
given (in 
ounces). 

Scale as 
actually 
consumed 
(in ounces). 

Scale us 
given (in 
oiince.s). 

j Scale as 
j actuallj' 
consumed 

I (in ounces) 

Cereals : 

Eice 

16-0 

1 

1 13-2 

1 

1 

16-0 

12-4 

1 16-0 

i 

* 12-7 

Atta 

8-0 

1 7-4 

8-0 

7-35 

S-0 

7-3 

Pulses : 

Dhal ... 

4-6 

1 

1 

i 3-6 

1 4-6 

3-3 

( 

3-2 

Dairy produce : 

Ghee 

i 

2-76 1 

1 2-66 

2-76 

2-60 

1 

! 2-75 

1 2-55 

Skim miE: powder ... ! 

0-376 1 

0-376 

Nil 

Nil 

Nil 

Nil 

Milk ... ... 1 

0-0 ! 

6-0 

0-0 

0-0 

54-0 

51-0 

Meat and fish ; 

Meat 

2-0 i 

1-C 

1-2-0 ; 

9-8 

Nil 

Nil 

Fish, tinned 

1-6 1 

1-4 

Nil ' 1 

Nil 

Nil 

Nil 

Vegetables and fruit : 
Vegetables, fresh 

6-0 1 

4-8 

! 

6-0 

4-7 

6-0 

4-6 

Onions ... 

2-0 1 

1-8 , 

2-0 

1-7 

2-0 

1-6 

Potatoes 

4-0 

3-7 ; 

4-0 

3-6 

4-0 

3-6 

Fruit, fresh 

2-0 ! 

1-66 1 

2-0 

1-4 

2-0 

1-6 

Miscellaneous : 

Sugar ... 

3-25 1 

3-25 

3-26 1 

3-25 

3-25 

3-25 

Salt 

0-5 ' 

0-6 1 

0-6 1 

0-6 

0*5 

0-6 

Condiment powder ... 

0-.'57 

0-47 

0-57 

0-47 

0-57 

0-47 

Tea 

0-33 

j 

0-23 

0-33 ! 

0-23 

0-33 

t 

0-23 


B — Chemical composition of the diets as consumed. 


iS'utrients. 

Basic. 

Jleat. 

f 

j Milk, 

Calories 

3,790 

3,980 

1 

I 4,330 

Total proteins (g.) 

102-6 

121-6 

1 119-9 

Animal protein (g.) 

23-8 

46-6 


Carbohydrates (g.) 

636-8 


; 676-3 

Fats (g.) ... 

93-1 


128-7 

Iron (mg.) ... 

40-5 

42-5 


Calcium (g.) 

0-822 

0-625 

2-0 

Vitamin A (I. U.) 

2,000 

1,900 

' 3,400 

Vitamin (mg.) 

2-6 

2-66 

2-460 

Riboflavin (mg.) 

1-40 

1-64 

3-0 

Nicotinic acid (mg.) 

26-0 

37-0 

19-0 

Vitamin G (mg.) 

63-0 

58-5 

57'0 

! 
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Brief notes on slatislieal analysis. 

Design and general analysis. — In the design of this experiment, v/hich vras 
similar to randomized block type, the initial hsemoglobin level was equalized over 
dietary subgroups (blocks) which were built up equally rapidly in point of time. 
Statistically more frequent readings of weight of the subjects would have been 
desirable, but due to administrative and other difficulties this was not possible. 
For each subject only four body-weight readings taken at 8-week intervals were 
available, and as such there was not much point in searching for a suitable degree 


Graph 1. 

Increase of weight for the three dietary groups. 



52 


Feeding Fx'perimeni on Indian Army Fecruits. 


of the polynomial used for growth curve. The mean rate of weight* increase (B) 
and mean change in rate of weight increase (2C) were obtained with the help of a 
second degree orthogonal polynomial. These parameters were treated in the 
analysis as observations. As expected fi'om the shape of growth curves in 
Graph 1, the values for B were mostly positive and those for C mostly negative. 
The distribution of B and 2C is discussed in Appendix III. 

The mean B, set out in Table I of the text, is the arithmetic mean of the values 
of B in each group. Algebraically these means are the same as would be obtained 
from the growth curves fitted to the respective mean of the four body-weight 
readings of the subjects in each diet group. Analyses of variance were done for B 
and 2C. The differences between diet groups for B were significant at 1 per cent, 
but not for 2C (0'25>P>0'10). 

Comparison of rates of weight increase in the. three diet groups. — Adjustments 
were made to mean B and mean 2C by allowing for differences in initial height, 
initial body-v eight, and increase in height during experimental period of 24 weeks 
with the help of analysis of covariance. The partial regression coefficients of 
initial height and weight on rate of weight increase were highlj’’ significant and were 
respectively -|-n-3241 and — 0‘0575, while the regression coefficient of the amount 
of increase in height on rate of weight increase was of doubtful significance 
(0'05>P>0’n2), its value being -|-0‘1837. The reduced analysis of variance for 
rate of weight increase was : — 

. d.f. S.8. V F P 

Between diet groups ... ... 2 29‘o829 14'7015 

r)‘97 Loss tlmn 

Within diet groups ... ... 610 1,511-3094 2-4775 0-005 


612 1,640-8923 


The analysis of covariance decreased the error variance by 13 per cent. The 
‘ between groups ’ significance level increased from P = O'Ol to a P le.ss than O'OOS. 
The differences among adjusted means were tested by t-tests. using the reduced 
‘ within 'group ’ variance as error variance. 

Comparison of mean change in rate of weight increase (2G) ioi diet groiijjs. — The 
mean falling off in rates of weight increase in the three diet groups did not differ 
significantly from one another, even after the adjustment for initial height, 
weight, and height increase were carried out. The reduced anal5’sis of variance for 


change in rates of w^eight 

increase (20) 

d.f. 

was : — 

s.s. 

V 

F P 

Between diet groups 

2 

13-8454 

6-9227 

1-466 0-25>P>0-10 

Within diet groups 

610 

2,899-3644 

4-7531 



612 

2,913-2098 




The partial resression coefficient of initial height on 20 was highly significant 
m _ __ 0-3348) ; of initial weight on 20 -was also highly significant {b 2 = -f-0-0504) 
and of height increase on 20 was in doubtful region of significance (0-05>P>0-02) 
and bs = -}-0-2862. 
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Analysis of rate of loeight increase according to age and diet . — The iiiter-groiip 
differences among mean rates of weight increase being statistically significant, 
comparisons for age categories were made within each diet group. The reduced 
analysis of variance for different diet groups after adjustment for the three factors 
were : — 



For basic group. 





d.f. 

8.E. 

V 

F 

P 

Between age categories 

1 

1-8271 




Within age categories 

2.50 

056-2763 

2-5630 




257 

058-1034 





For meat group. 





d.f. 

S.8. 

V 

F 

P 

Between age categories 

1 

0-0361 




Within age categories 

173 

410-3188 

2-423S 




174 

419-.3539 





For mill: group. 





d.f. 

S.3. 

V 

F 

P 

Between ago categories ... 

1 

37-0971 


17-.38S 

Less timn 

Within age categories 

172 

375-8538 

2-1852 


0-005 


173 

413-8509 





Analysis of rate of weight increase according to state of nutrition . — Answers were 
sought to the following questions : — 

(') Did initial malnutrition affect the subsequent growth rate ? 

(ii) Which diet was better for subjects showing specific deficiency signs ? 

As diet groups showed significant differences in rates of weight increase a 
comparison between each category of state of nutrition was made within each diet 
group. 

The reduced analysis of variance for the three diet croups divided according 
to specific deficienej' signs were as under ; — 

For basic fjroup. 



d.f. 


V 

F P 

Botwoon specific deficiency signs cate- 

1 

21-3344 



gories. 





ratcgorics 




R-.577 0-00.5 

250 

030-7089 

2-4 S74 



257 

6.5S-1033 




For virnt group. 



Bf*twecn specific dcficiencv ':igns 

d.f. 


V 

F P 

1 

10-2520 



categoricfi. 





ithin entogories 

173 

409-1019 

2-.3047 

4 - 33.5 0-0,5 

and 0 02.5 


174 

410.3.539 
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of the polynomial used for growth curve. The mean rate of weight* increase (B) 
and mean change in rate of weight increase (2C) were obtained with the hcl]) of a 
second degree orthogonal polynomial. These parameters were treated in the 
analysis as observations. As expected fi’om the shape of growth curves in 
Graph 1, the values for B were mostly positive and those for C inostly negative. 
The distribution of B and 20 is discussed in Ajrpendix IIJ. 

The mean B, set out in Table I of the text, is the arithmetic mean of the values 
of B in each group. Algebraically these means are the same as would be obtained 
from the growth curves fitted to the respective mean of the four body-weight 
readings of the subjects in each diet group. Analyses of variance were done for B 
and 20. The differences between diet groups for B were significant at 1 per cent, 
but not for 20 (0'25>P>0-10). 

Comparison of rates of tveight increase, in the three diet groups. — ^.4djustments 
were made to mean B and mean 20 by allowing for differences in initial height, 
initial body-v eight, and increase in height during experimental period of 24 weeks 
with the help of analysis of covariance. The partial regression coefficients of 
initial height and weight on rate of weight increase were highly significant and were 
respective!}’' -f 0‘324l and — 0'0576, while the regression coefficient of the amount 
of increase in height on rate of weight increase was of doubtful significance 
(0’05>P>0'n2), its value being -f0'l837. The reduced analysis of variance for 
rate of weight increase was : — 

. cJ.f. s.s. V F P 

Between diet groups ... ... 2 29’o829 14‘7915 

ri’97 Less Uinu 

Within diet groups ... ... 610 l,511’30n4 2’4775 O'OOo 

012 1,640-8923 

The analysis of covariance decreased the error variance by 13 per cent. The 
‘ between groups ’ significance level increased from P = O'Ol to a P le.ss titan 0-005. 
The differences among adjusted means were tested by t-tests, using the reduced 
‘ within group ’ variance as error variance. 

Comparison of mean change in rate of weight increase {2C) in diet groups. — The 
mean falling off in rates of Aveight increase in the tliiee diet groups clid not differ 
significantly from one another, even after the adjustment for initial^ height, 
weight, and height increase were carried out. The reduced analysis of A’ariance for 


change in rates of weight increase (20) 

d.f. 

was ; — 

s.s. 

V 

F 

P 

Between diet groups ... ... 2 

Within diet groups ... ... 610 

13-8454 

2,899-3644 

6-9227 

4-7631 

1-466 

0-25 >P> 0-10 

612 

2,913-2098 



1 • » /> . 


The partial regression coefficient of initial height on 20 was highly significant 
(bi = — 0-3348) ; of initial weight on 20 -w’as also highly significant (b 2 = 4-0'0504) 
and of height increase on 20 was in doubtful region of significance {0-06>P>0-02) 
and bs = -f 0-2862. 
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Analysis of rate of iceigJit increase according to age and diet . — ^Tlie inter-group 
differences among mean rates of rveigit increase being statistically significant, 
comparisons for age categories were made within each diet group. The reduced 
analysis of variance for different diet groups after adjustment for the three factors 
were : — 


Between ago categories 
Within age categories 


Between age categories 
Within age categories 


Between ago categories 
Within age categories 


For basic group. 




d.f. 

8.8. 

V 

F 

P 

1 

1-8271 




2.76 

656-2763 

2-5636 



257 

658-1034 




For meal group. 




d.f. 

S.S. 

V 

F 

P 

1 

0-0351 




173 

419-3188 

2-4238 



174 

419-3539 




For mill: group. 




d.f. 

S.S. 

V 

F 

P 

1 

37-9971 




172 

375-8538 

2-1852 

17-388 

Less than 
0-005 


173 413-8509 


Analysis of rate of weight increase according to state of nutrition . — Answers were 
sought to the following questions : — 

(<■) Did initial malnutrition affect the subsequent growth rate ? 

(ii) Which diet was better for subjects showing specific deficiency signs? 

As diet groups showed significant differences in rates of weight increase a 
comparison between each category of state of nutrition was made within each diet 
group. 

Tlic reduced analysis of variance for the three diet groups divided according 
to specific deficiency signs were as under : — 


For hnxic group. 
<I.f. s.s. 

Between specific (Icficicney signs cate- 1 21-3344 

gorics. 

Within categories ... ... 2.'>0 G3r>-7CS9 


Between specifie defieieney signs 
catecorieR. 


2,77 0,78-1033 

For mrnt group. 
d.i". s.s. 

1 10-25-20 

173 400-1010 


V 


2-4874 


V 


F p 


R-.777 0-00.7 


F P 


174 


Within categories 


410-3530 


2-3047 


4 - 33.7 Between 0-0,5 
and 0-02.7 
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For milk group. 

d.f. 8 , 9 . V 'F P 

Between specific deficiency signs c.ite- 1 0‘0240 

gories. 

Within categories ... ... 172 413'8269 2’4060 

173 413-8509 

Here ‘ within variance ' is significantly greater than ' between variance ’. As 
stated previonsly the subjects below 25 years in age are significantly different 
in rate of weight increase from the subjects 25 years and older, so the 

comparison made above is vitiated. The milk group was, therefore, further divided 
into two age categories (described in the text) and within each age category 
comparison of rates of weight increase for deficient versus non-deficient subjects 
was made. In none of the two age categories was the rate of weight increase 
for the ‘ deficient ’ subjects significantly different from those of the ‘ non-deficient ’ 
subjects. 

The probabilities of significance of the three diet groups for ‘ deficient ’ 
versus ‘ non-deficient ’ categories were combined by the usual X'S^Bared 
technique which gave an overall probability less than O’ 01. This shows that 
the ‘ deficient ’ subjects had significantly higher rate of weight increase than the 
‘ non-deficient ’ subjects. 

In order to answer the second question the mean rates of weight increase of 
the ‘ deficient ’ subjects for three diet groups were compared. The reduced 
analysis of variance for ‘ deficient ’ subjects in the three diet groups was ; — 

d.f. 8.S. V F P 

Between diet groups ... ... 2 36-2798 18-1399 

7-82 On the average 

Within diet groups ... 338 783-8202 2-3190 of 0-005 

340 820-1000 

The adjusted mea.n rates of weight increase for ‘ deficient ’ subjects of the 
three diet groups were respectively 3’001 lb., 2-164: lb. and 2’696 lb./8 weeks for 
meat, milk and basic groups. The t-tests with ‘ within variance ’ as error 
showed that for both meat and basic groups the mean rate of weight increase was 
significantly greater than that for the milk group (P less than O’Ol). The mean 
rates of weight increase for meat and basic groups, however, did not differ signifi- 
cantly from each other. 

Por ‘ non-deficient subjects ’ the reduced analysis of variance was : — 

d.f. B.8. 

Between diet groups .. ... 2 6-7938 

Within diet groups ... .. 266 659-7022 

208 666-6860 


T 

3-3969 

2-4804 


1-369 


Between 0-6 
and 0-25 
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APPENDIX III. 


of ratpc nf ^ proposed to discuss here the distribution 

usuai TIM increase (B) and cbanges in rates of weight increase (2C). The 

^I_<c ice lias Jieen to assume them to be distributed normally. 

''■hen no P'' 9 ^'^em of determining a suitable distribution function empirically 
is. when 'theoretical formula is Iniown. In such cases the natural course 

foassim 1™®"' notliing about the nature of the distribution in advance 
tJie that the distribution function has expectations equal to the moments of 
any -the assumption though not accurate is probably as near the truth as 
aod inake. In searching for a suitable type, the measures of asymmetry 

charact been 'found of considerable assistance. In addition to these 

type there are a number of others wliich are useful in sorting out the 

new X yhich is most suitable for a particular set of data. These 

fWf'i' ^^°i'®yistics are put i^ariously in different books, e.g. kq of Pearson’s 
('I9f.3) minus J of Fry (1928), and k^ of Pearson's tables is Ic of Kendall 


uf th ^^^I'ribution of growth rates (B) for the meat and the millc groups, and 
The V in growth rate (2C) for all tlie three diet groups were investigated, 

'irious calculated moments, etc., for the tliree distributions were as follows : — 


l^i‘!tHbat)on of 

Numbers. 

b. 

’ b. 

k. 

.1 or f-ki). 

‘Veat (B) 

178 

1 

01240 

^ 4-102S 

0-04 00 i 

- rvK 

Jtilk (B) 

177 

0-1870 

2-6073 

-0-1106 

-IVE 

groups (2C) 

016 

0-0018 j 

[ 2-0435 

-0-0112 

-rvE 


The Gram-Charlier series can also repTceent any of the.se tvpe.s. Histograms 

shown in Graph 2:-- 

TesHvg^ idhelher or not the distvihidions arc normal. — Assuming that each was 
ortnally distributed, normal curves were fitted by estimating mean and standard 
• from the sample and getting expected frequencies for various class 

^tervals and comparing them with the observed numbers by the A;-square method 
P this basis all the distributions did not depart significantly from normalitw 

. ^Y^iile testing for normality as in Fisher {1944) by calculating g, and g., tho 
P'iowtiig results were, however, obtained for the three distributions; 


Pistribution. 

1 

' St 

i 1 

Sj 


1 ‘-g. 

Meat (B) 

1 

.. . 0-3.S84 

1-2610 

1-06* ' 

1 

' 3-45+ 

Mil): (B) ... 

0-4361 

j 

-O-SD.aj 

2-o0* ; 

1-02 

.Ml gioups (2C) 

, ' 0 0422 

( 

1 4 

-0-0477 ; 

0-4256 

0-2424 


+ n‘ I jv. 


** Sipnifienut ni r> per rent. 



Frequencies. Frequencies. Frequencies. 


Graph 2, 
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By combining the probabilities of t-gi and t-go the verdict from the Table appears 
that only for values of B in meat group the distribution departs significantly 
from normality. It should, however, be remembered that sampling distribution 
of g2 is very asymmetrical and so the significance of g2 may at times be A’^ery erro- 
neous. The extension of ‘ Theory of Power of Tests ’ to non-parametric case 
such as the test of normality requires a great deal of further research. 

It is hoped to discuss the whole question in some other technical com- 
munication, but it appears that the analysis of the paper is not disturbed by 
these findings. 


Fishbb, K. a. (1944) 

Fby, T. C. (1928) ... 

Kendall, M. Q. (1943) 
Pearson, K. (1945) 
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LE\'EL OF VITAMIN A IN TJIE BLOOD AND I'FS 
RELATION TO DARK ADAPTATION 
AND OTHER OBSERVATIONS. 

BY 

VAXSOOK UL HASSAX, 


.4X11 


LAL CHAXl) IvHAXXA. 

{From the DepaHmc.m of Physiology. King Eihvard Medical College, Lahore.) 

[Keoeived for publication, Docember 2, J040.] 

1. Bl.OOl) LEVEL OF VITAMIN A AXD OAKK ADAPTATION. 

IXTROBUCTIOX. 

i^ixcE it.s introduction by Jeans and Zentmire (1934). tlie biopliotonieter lies 
been extensively used as a means of detecting latent avitaminosis A. Various 
workers liave tried to improve botli tlie apparatus (Ilecbt and Shlaer, 1938 ; Hecht 
and Mandclbaum, 1939) aud the technique (Hecht and Afandelbaum. loc. cit. ; Dow 
and Steven. 1911 ; Basu and Do. 1911). That impaired dark adaptation is one 
of the characteristic signs of dietary deficiency in vitamin A is well established 
(Bodnnsky and Bodansky. 1941). C'ertain workers have found the relation be- 
tween dark adaptation and vitamin A deficiency to e.xist. though in different degrees 
(Jeans. Blanchard and Sattcm-nitc. 1941 ; Hecht and Mandclbaum. loc. cit.). while 
others have contradicted it (A'udkin. 1941 ; Dann and Yarborough, 1941, Haig 
and Patek. 1912). In the prc.«ent investigation, the biophotometer test and the 
determination of the blood level of vitamin A were carried out m’th a \new to 
(1) survey the state of vitamin A in normal persons. (2) investigate the use of 
the biophotometer in detecting the early stages of vitamin A deficiency and 
(3) correlate the rcstilts of the dark-adaptation test and the vitamin A content 
of blood. 


{ 59 ) 
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Relation of Yitamin A in Blood to Darh Adaptation. 

Experimental. 

Technique of the biophoiometer test. 

The apparatus and the technique employed were similar to those 
recommended by Jeans, Blanchard and Zentmire (1937) with the following 
modifications : — 

a. (!) The bright light came from above at an angle of 45° and was 
reflected back from a milk-glass screen. 

(2) In place of the usual optical wedge, use was made of a rheostat and 

a potentiometer. The resistance of the potentiometer served 
both to give a dial reading and to vary the intensity of light. 

(3) Against the. holes of the quinx plate, photographic plates 

developed to different intensities were insert.ed so as to allow 
corresponding degrees of light transmission. The resistance was 
so maintained that two spots of light on the left always persisted, 
serving as fixation points (Hecht and Mandelbaum, toe. cit.). 

(4) The diameter of the spots of light was O' 65 cm. so as to subtend 

nearly an angle of 3° at the eye (Hecht and Mandelbaum, 
he. cit.). 

h. (1) The preliminary adaptation period was dispensed with (Wald, 
Jaghers and Arminio, J938) ; instead, the test was repeated 
immediately after the first test. A recovery period of ten 
minutes was allowed on each occasion after exposure to bright 
light for three minutes. 

(2) The exposure to dim light was reduced to a minimum by means 
of the potentiometer key. 

Two readings were taken at each test and it was found that the recovery 
periods were reproducible with only a slight variation. As most of the subjects 
examined were either students or members of the staff of the College, who were 
well acquainted with the theory of the test and the -wmrking of the scientific 
apparatus, the learning and intelligence factors in the test were considered to be 
of a satisfactory standard. 

The graph of the readings of the adaptation test of every subject was drawn 
and compared with the standard graph. It was judged as a whole. It was con- 
sidered normal if it was above the standard graph or subtended a greater area 
above it and vice versa. Contrary to the usual practice, the standard graph used 
was a smooth curve drawn from the readings of a normal person (subject 34) in 
whom : {i) the blood level of vitamin A was the same as the average found in this 
investigation, {ii) the readings were exactly reproducible in both the recovery 
periods, (m) both the initial and the final readings were neither too low nor high, 
and (iu) vision was normal. This is illustrated in Graph 1. 

Vitamin A content of blood. 

The method employed for the determination of carotene and vitamin A was 
that of Kimble (1939^) with modifications as suggested by Haig and Patek 
{loc. cit .) ; Bodansky, Lewis and LiUienfeld (1943) and Caveness, Satterfield and 
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Graph 1. 

Plotted readings of darh-adaptation test {recovery period only). 

Time in minutes. 
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Relation of Vitamin A in Blood to Dark Adaptation. 

Dana (19il). Instead of deducting the yellow reading of carotene, the separation 
of carotene from vitamin A was effected by the method of Boyer, Phillips and 
Smith (1944) and the Blue Units of vitamin A determined separately. 

Procedube. 

Ten c.c. of blood were drawn by venepuncture, oxalated with two drops of 30 
per cent potassium oxalate and centrifuged for 40 minutes. Pour c.c. of plasma 
were pipetted off and rim into, a 25-c.c. graduated flask and an equal volume of 
95 per cent alcohol was added while shaking. The flask was shaken in an ice-bath 
for 10 minutes, 9-6 c.c. of petroleum ether (boiling range below 67°C.) were added, 
and the flask shaken for another 10 minutes as before. The contents were then 
transferred to a 50-c.c. gi-aduated centrifuging tube and centrifuged for 10 minutes. 
The ethereal layer ivas completely pipetted ofl' and run into a 100-c.c. conical 
flask. The petroleuju ether w^as removed under the vacuum of a water suction 
pump on a water-bath at 70°C. The last traces of petroleum ether were removed 
by blowing air through once or twice. The residue was dissolved in 3 c.c. anaes- 
thetic chloroform and cooled in an ice-bath. Two determinations of the Blue 
Value, each with 0‘75 c.c. of the solution and an equal volume of antimony 
trichloride reagent were made on a Lovibond Tintometer. The total Blue Value 
of vitamin A and carotene in the blood was thus found. 

From the remaining P5 c.c. solution, chloroform was removed under vacuum 
and on the water-bath as before. The residue was dissolved in 4 c.c. absolute ethyl 
alcohol and cooled in an ice-bath. To this 3 c.c. of 0’05 per cent UaC] solution in 
an ice-bath were added drop by drop while shaking. The contents were ice-cooled 
for 10 to 15 minutes and then filtered on a Whatman No. 40 filter-pajjer. The 
residue was washed with 5 c.c. of a solution of 3 parts 0’05 per cent NaCl and 4 
parts absolute alcohol. The carotene was left on the filter-paper. The filtrate 
was made up to 17 c.c. with distilled water and 6 c.c. of petroleimi ether added to 
it. The contents were shaken for 10 minutes in 25-c.c. graduated flask in an ice- 
bath and then centrifuged for 10 minutes. The ethereal layer was completely 
pipetted off and the petroleum ether removed as before. The residue was dis- 
solved in 2 c.c, chloroform and the Blue Value was determined. 

In estimating the blood level of vitamin A the carotene was sometimes not 
completely precipitated but formed a colloidal solution which passed through the 
filter-paper. This, however, did not affect the result as the precipitate did not re- 
dissolve wdien shalcen wdtli petroleum ether. Both the ethereal extract and the 
chloroform solution were colourless after separation or filtration. The method 
yielded reproducible results. 

llESUi/rs. 

The results of the investigation are given in Table I. The values have been 
expressed in Blue Units as there is no definite conversion factor to express them 
in International Units. While Leong (1941) has convertecl^Blue Units into Inter- 
national Units by multiplying by the factor 0'6, C. P. values have been converted 
into I. U. by multiplying by the" factor 30 (Heilbron, Jones and Bacharach, 1944). 
One of tlie authors also found tbe same conversion factor in another investigation 
on fish-liver oil (Ahmad. Ram Chand and Hassan, 1944). This means that 
1 B. U. 1-2 I. U. 
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Relation of' Vitamin 'A in Blood to Dark Adaptation. 
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Average value in Blue Units per 100 c.c. plasma. 


* Vitamin A j 

' t carotene. | 

1 

[ Mean 

j deviation. 

f 

J Vitamin A, 

! 

> 

Jlean 

deviation. 

Males 

I6S 

; ±30 

91 

± 23 

Females 

l.iS 

[ ± 32 

76 

± 15 


The average levels of vitamin A and carotene given above represent the values 
of a group of college students between the ages of 19 and 2^1. College students as 
a class may be regarded as a weJI-fed group in comparison with the general popula- 
tion. Lower values may, therefore, be expected in the general population where 
under-nutrition and inadequate diet are not uncommon. The values in this in- 
ve.stigation also represent the values of an age group where optimum values mar 
be found. 

The average levels of vitamin A and carotene as reported by some of the 
workens are as follows ; — 


Vitamin A values per 100 c.c. plasma. 


V^^A.^rr.^• A valx fs. C-vrotexe vaeces. 


For tnales. For rcinaV*;, For mule®. For feronlos. 


Kimble {1930t) ... ... )2" I. U. Ul 1. V. 

Popper and Stciginan (1943) ... 41 ^. " 4 ^. 


A comparison of the Yalue.s will show that tiie value.s found in the present 
invc.stigation are .somewhat lower than tho.se reported by the other workers. This 
difference may be due to the riifferenre in diets of an average Punjabi and an 
average American. Tlie diet in the case of the latter is better both in qualitv and 
<]uantity. 

.\n interc.sting obscrv.arion is tlie average value of vitamin A content of blood 
m females. It was not found to differ greatly from that of the males in this in- 
vestigation. nor was it found to bo mucli lower tlian the values reported bv Kimble 
(li«9,'>). Considering the values one is led to t!ie conelusion that the health of 
the group of females was comparntivelv better than tliat of the male group This 
IS further supported bv the results of tlie dark-adaptation tost ' 


ConRKL.ATIO.V OF VIT.A.MI.V J.KVKI. .4X0 JUBK ADAPTATIOX. 

In this investigation no definite relation has been found to e.vist between the 
vitamin A level of blood and results of the dark-adaptation test in normal persons 
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Graph 3. 


Plotted readings of dnrh-ndnpiation test {recovenj period only). 
Subject 12 A. L. (male), Sweeper. 


Time in minutes. 


5 6 




Subject 12. 

Same Bubject after 6 do 


Initial blood level of * 





Readings on the dial- 
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Graph 4 . 

Plotted readings of dark-adaptation test (recovery period only) 
Subject 15 B. X. B. (male), College Student. 

Time in minutes. 

115 4 5 6 7 

ISO 

160 

140 

120 ' 


Subjpcf !•'>. 

S.Tmc enbjeot nftcr 11 day-s on vit imin A. 

Ifi , 


Same ‘•ubject after 13 days. 



Initial blood level of vitamin A = loO B. U. per 100 c.c. of plaema. 
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Relation of Vitamin A in Blood to Darh Adaptation. 


Subjects 16 (C._B. T.) and 28 (H. S.) besides very poor dark adaptation and a 
!ow level of vitamin A also showed other symptoms of vitamin A deficiency. 
Administration of vitamin A in the first case (C. B. T.) resulted in (1) improvement 
of dark adaptation, (2) disappearance of other symptoms, and (3) increase in 
weight. The second subject (H. S.) gained in -weight and .showed a general 
improvement in condition. A gain of 7 lb, in w'eight was also observed in subject 
4 (N. A.) whose results are illustrated in Graph 2. 

Other factors bbtermining dariv adaptation. 

The response to dark adaptation was good in 13 out of 14 subjects suffering 
from myopia whose error of refraction was corrected by suitable spectacles. In the 
14th case it was suspected that his gla.sses were unsuitable. It is also probable 
that the results of the darlc-adaptation test were complicated liy the inclusion 
of a- numlier of subjects in whom myopia was not detected. Besides other 
requisites, it must also be ascertained that all persons whose dark adaptation is 
examined should have normal vision. In this connection it will be of interest to 
note that three subjects whose blood level of vitamin A was normal but showed 
poor dark adaptation were found to be myopes when tested. Subject 15 
(B. N. B.) is one example. 

The authors’ findings, therefore, confirm those of other workers that defective 
vision should be taken into consideration and that the dark-adaptation test is 
reliable for detecting latent avitaminosis A only if all the persons examined have 
the same standard of visual acuity. 

IL THE RELATIONSHIP BETWEEN THE BLOOD LE^OHL OF 
VITAMIN A AND (1) BLOOD SEDIMENTATION, AND 
(2) TOTAL VITAMIN A AND CAROTENE. 

Blood sedimentation. 

Samples of blood drawn from 37 male and 14 female subjects were centrifuged 
for a constant time (40 minutes) at the same speed in the same centrifuge. It was 
found that the same volume of blood yielded different volumes of plasma 
in different individuals and that the greater the yield of plasma the lower were the 
values for vitamin A estimation. Actual findings are recorded in Table II : 


Table II. 


iJerial number 
and se,\ of 
subject. 

Percentage of plasma 
obtained from 
constant volume 
of blood. 

Vitamin A 

B. U./lOO c.c. 
plasma. 

Male, 



1 

41 

133 

2 

41 

89 
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Table II — cotitd. 


Serial number 
and sex of ] 
subject. 1 

i 

[ Percentage of plasma 
^ obtained from 
constant volume 
of blood. 

Vitamin A 

B. U./lOO e.c. 
plasma. 

Male. , 


1 

3 

41 

88 

4 

41-5 

147 

5 

42 

88 

6 

43 

107 

7 

43 1 

80 


a 

43 

! 50 

10 

44 

1 105 

11 

46 

i 103 

12 

46 

' 84 

13 

46 

1 05 

14 

45-5 

1 

1 40 

16 

47 

1 

1.37 

10 

47 

02 

17 

47 

45 

18 

1 

47-6 

1 09 

10 

48 

80 

20 , 

48 

64 


21 1 

■«o i 

1 

89 

1 

40 

83 

1 

23 1 

40 1 

80 

' 

24 

40 1 

60 

OK ' 


60 


t 

100 

20 ■ 

60 

02 

27 

60 

18 


28 

51 

123 

— — _ 




— 




73 


3 
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Relation of Vitamin A in Blood to Darh Adaptation. 


31 — CO)wJfl. 


Sorial number 
and sex of 
subject. 


I 

Percentage of plasma , 
obtained from 
constant volume I 
of blood. ‘ 


Vitamin A 
B. U./lOO c.c. 
plasma. 


JIale. 

» 

1 


29 

1 

! 

116 

30 

1 r>i 

91 

31 

51 

86 

32 

51 

( 

SI 

33 

51 

67 

34 

61 

02 

1 

35 

61 

50 

35 

61 

44 

37 

61 

33 

Female. 

■ 


1 

1 

88 

2 

i 61 

j 102 

3 

i 61 

{ 90 

4 

i ■ 61 

I 86 

6 

61-6 

85 

6 , 

62 

97 

7 

63 

61 

8 

66 

86 

9 

1 86 

! 80 

10 

I 66 

47 

11 

66 

71 

12 

67 

53 

13 

58 

62 

14 

69 

40 


As wdll be seen from Table II, there is a tendency for lower levels of vitamin A 
to occur in those samples of blood which yielded a relatively high percentage of 
plasma from a constant volume o'f blood. This was particularly noticeable in the 
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case of female subjects. These findings suggest that a low level of vitamin A is 
associated mth an increased sedimentation rate of the blood and it is possible that 
by the use of a more accurate method of determining the sedimentation rate of the 
blood a closer correlation between blood levels of vitamin A and sedimentation 
rate might be demonstrated. 


Kate oe vitamin A to total amtamin A and carotene. 

The percentage of vitamin A in total mtamin A plus carotene was estimated 
in 40 male and 15 female subjects. The results are recorded in Table III : — 


Table III. 


Serial number 
and eex of 
subject. 


Percentage of 
vitamin A in 
total vitamin 
A carotene. 


Vitamin A 
B. D./lOO c.c. 
plasma. 


Mali:. 


1 

ill 

123 

o 

7S 

1.33 

3 

73 

137 

4 

69 

103 

,1 

63 

107 

0 

63 

S4 

7 

63 

40 

S 

62 

83 

•1 

60 

81 

HI 

5S 

91 

11 

57 

85 

12 

55 

100 

13 

55 

89 

14 

54 

105 

1.'-. 

54 

100 

hi 

54 

89 

17 

54 

89 

is 

53 

116 

If 

61 

Qv 


I 
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Relation of Vitamin A in Blood to Da/)’h Adaptation 


Table III — contd. 


Serial number 
and sex of 
subject. 

Percentage of 
vitamin A in 
total vitamin A 
+ carotene. 

Vitamin A 

B. U./lOO c.c. 
plasma. 

Male. 



20 

61 

88 

21 

61 

81 

22 

51 

67 

23 

50 

62 

24 

47 

no 

26 i 

45-5 

86 

26 

45 

88 

27 

46 

84 

28 

42 

50 

29 i 

1 

40 

100 

30 

37 

67 

1 

31 

37 

44 

32 

36 

60 

33 

36 

60 

34 

36 

46 

36 

34 

89 

36 

28 

69 

37 

27 

33 

38 

26 

65 

39 

24 

46 

40 

16 

18 

Female. 


' 

1 

61 

71 

2 

68 

86 

3 

67 

86 

4 

66 

62 
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Serial number 
and sex of 
subject. 

Percentage of 
vitamin A in 
total vitamin. A 
-j- carotene. 

Vitamin A 

B. U.IIOO c.c. 
plasma. 

Female. 


1 

5 

55 1 

80 

6 

62 

88 

7 

1 

1 

51 

86 

6 

49 

63 

9 

48 

61 

10 

47 

102 

j 

11 

47 

i 97 

1 

12 

47 

1 

1 00 

1 

n 

i 

! 91 

i 

u 

.87 

i 9- 

15 

, 23 

1 

40 

i 

1 


Tfr might be expected that, in the case of subjects suffering from vitamin A 
dcficieuc}^ carotene would be converted into rutamin A and consequently it would 

be reasonable to expect that, in such cases, there would be a high 

ratio. The results of observations recorded in Table III do not, however, fulfil 
this c.vpectation. These observations were, of course, made on apparent!}- 
normal subjects. The general tendency was for a decrease in the blood level of 
vitamin A to be associated with a decrease in the percentage of vitamin A in total 
vitamin A plus carotene. It would appear, therefore, that, in the subjects 
examined, a low level of vitannn A in the blood was not due solely to a laclc of this 
factor in the diet but probably also to the inability of the body to’ convert- carotene 
into vitamin A, or to n combination of these factors. 
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Relation of Vitamin A in Blood to Dark Adaptation. 


SUMMAEY. 

1. The dark-adaptation test was carried out in 48 male and 16 female 
students of the King Edward Sledical College, Lahore, in whom the blood levels of 
vitamin A and carotene were ascertained. The results of the latter estimations 
are summarized beloys^ ; — 


Blue Units of vitamin A per 100 c.c. plasma. 



Vitamin A. . 

1 

1 Vitamin A carotene. 

Male subjects 

91 ± 2.5 

168 ± 30 

Female siibjeots 

70 i 15 

168 ± 26 


These findings confirm those of Yndkin (?oc. cit.). 

The average critical level of vitamin A in the blood was found to be 60 B. U. 
per 100 c.c. plasma in the case of male subjects and 50 B. U. in female subjects. 
In 11 male aird 2 female subjects the vitamin A level was below the average 
critical level. 

2. The dark-adaptation test, as carried out in this investigation, was found 
to be a reliable means of detecting subjects with very low blood levels of vitamin A 
in the absence of any other symptoms of vitamin A deficiency. No definite correla- 
tion was observed between the dark-adaptation tests and normal or slightly sub- 
normal blood levels of vitamin A. All subjects Avho responded badly to the dark- 
adaptation test showed a distinctly better response to the dark-adaptation test 
after the administratioir of vitamin A. 

3. In 14 subjects in whom myopia was corrected with glasses, response to 
dark adaptation was good. As myopia is prevalent in the type of subjects examined 
it is necessary to ensure that all subjects have the same level of vision. 

4. Some eAudence has been adduced to suggest that a low blood level of 
AUtamin A is associated Avith an increased sedimentation rate of the blood. 

5. A decrease in the blood level of Adtamin A appears to be associated AAith 
a decrease in the percentage of Antarain A in total Adtamin A plus carotene. 

The authors desire to express their sincere thanks to the staff of the Physiol- 
ogy Department and the students for their co-operation. They, Amry kindly, 
offered the)nselves for the experiment. ^ 
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THE CAROTENOID PIGMENTS AND THE VITAMIN A 
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Carrots {Daucus carota) have been the subject of the earliest investigations 
on carotenoids and have served as an important commercial source of carotene. 
During the last two decades, a number of workers have studied the carotenoids of 
this vegetable. It was found that besides ^-carotene, the carotenes of carrots 
consisted of 10 to 20 per cent of a-carotene (Kuhn and Lederer, 1931 ; Wackenroder, 
1931 ; Bills and McDonald, 1932 ; Karrer and Walker, 1933, 1934 ; Kuhn and 
Lederer, 1941). Kulm and Brockmann (1933a, 19335) identified y-carotene in 
carrots in addition to a-carotenc and ^-carotene. Strain (1939) showed that carrots 
contained still another pigment, S-carotene, which was found to be identical with 
a carotene first detected in carrots by van Stolk, Guilbert and Penau (1 932). Very 
recently, a fifth pigment has been shown to occur in carrots by Harper and Zscheilc 
(1915). This they called ;-carotenc. These authors also observed the presence 
of lycojicne in a number of commercial varieties. The presence of two cis-trans 
isomers of ^-carotene in carrots, namely nco-)S-carotene U and neo-/S-carotene B, 
has licon shown by Kemnicrcr and Fraps (1945n) and Kemmerer, Fraps and 
Moinke (Ifllu). 

Carrots found in the country vary in colour from pale j’cllow, pink, orange, 
to deep red. A nundier of violet-coloured varieties also occur with varying rich- 
ness of the shade. In the course of investigations on carotenoids of plant foods, 
it was considered of great interest to investigate in some detail the carotenoids 
of various varieties of carrots grown in this region. The subject is also of practical 

( 81 ) 
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Carotenoid Pigments of Indian Ca/rrots. 


importance since carrots constitute an important item of food, and are used as a 
commercial source of carotene for fortifying edible fats. 

Fourteen different varieties of carrots ranging in colour from deep red to 
orange, yellow and violet were investigated. Red varieties showed the presence 
of seven different bands in the chromatograph ; orange, six different bands ; violet 
and pink, four different bands ; while pale yellow to deep yellow varieties showed 
from two to six different bands. 


Methods. 


The procedure followed for complete extraction of the carotenoid pigments is 
described in an earlier paper (Sadana and Ahmad, 1946). Alumina* was used as 
an adsorbant for chromatographic analysis, one particular brand of which was 
found most suitable, as during grinding it helped to reduce the particle size and it 
facilitated activation. The material which passed through a 300-mesh sieve was 
activated by heating at 200°C. in a stream of COg for 2 hours. A concentrated 
solution of the pigments in petroleum ether was used for chromatographic analysis 
and the bands were developed by petroleum ether containing 30 per cent benzene. 
The various bands were cut and eluted by means of petroleum ether containing 
2 to 3 per cent ethyl alcohol and the amount of different pigments was determined 
cdlorimetrically by reference to a standard cmwe of ^-carotene against 0*04 per 
cent KaCrsO?. The results are expressed as fxg.Jg. in terms of the colour of 
/3-carotene. 

A typical chromatograph of red carrots is given {s^e opposite). 

On the basis of the biological activity of various carotenoid pigments 
reported in the literature the vitamin A potency is calculated in I. tJ./g. according 
to the following formula ; — 


Vitamin A activity in I. U./^ 

fig. P-carotem , fx.g. y-carotene , fig. a-carotene 

-j- — — — — . 


/g- 


O-fi 


fx.g. neo-^'Carotene B 
1-2 


(Kemmerer and Fraps, 1943) -j- 


lj.g. neo-P-carotene V 
2-4 


(Keinmerer and Fraps, 1945) + 


ix.g. neo-a-caroiene 
0-86 


(Gillam, el Ridi and Kon, 


foe. cit.). 


It •was considered that a certain amount of the pigments is liable to be lost 
during the. process of cliromatographic separation in spite of all reasonable precau- 
tions. Therefore, as a matter of routine, the total pigments were colorimetrically 
estimated after isolation. At the same time, the sum of individual pigments 'vs’as 
.determined after the chromatographic separation. The difference between the 
two figures is regarded as a loss occurring during the experiment. These data for 
the different varieties examined are shown in Table I. 


* The I'rnnd of ohtmin.i was obtained from Scientific Supplies (Bengal) Co., Calo<itta. 
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A narroir pale yellow band, xanthophyll 


A narrow pink band, y-carotene 


A narrow yellowish band, nco-^-carotene U 


A broad rod band, ^-carotene 


A brownish yellow band, iieo-yS-oarotonc B 


A wide orange band, o-carotene 
A narrow yellowish orange band, neo-a-carotene 


CnROMAToanarir. — A tr’pical chromatograph of the 



pigments of red carrots. 


Band No. 1, 


The pigment nas oxti.actcd and identified as xaiithophvll by mired ehro- 
raatography. 

This was identified as y-carolenc. 

represents carotenoid x of Kemnierer .and Frans 
ItMd). Tins pigment was fitter shown to identical with neo-S-caroteni 
b described by Polgar and Zechmeister (19f2) on the basis^ of their 
idciiticnl absorption niaximn, vicldinf' onlv a jJinrlA • i 

eltromatography and tl.o numiwr and ratio of is„mers produLl on treaHnent 
wifli iodine (Kemnierer and Kraps, 19f4). treatment 

^''y’cfrT'''^ /3-c«otenc by its ab-orptioii 


lil^n and e Bid pseudo-a-carotene bv 

aiill Gilfi. n dS ^ Tn^« (193S) and CartJr 

carotene being djriv^ t^ts sils,i“ of “ll 

/celimci'-tor {Ux-. ciK) ob(am«I 12 different Unrrnrf \^ ^ ^^‘ ^‘’^S^^rand 
and calleil this isomer iieo./S-carotene B. The identity of” aIMho*’?r*" 
pigment.', namely psciido-c-carotene nen R three 

w.as definitely establisbed by Kemmerer ami' Fraps” B, 
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Band No. 6. This was identified as a-carotene by means of mixed chromatography, and 
in view of its optical activifc 3 % 

j) From its position on the adsorption column, this pigment is presumably an 

isomer of a-carotene. It has been named neo-a-carotene by Gillam, el Ridi 
and Kon (1937). 


Table I. 


Loss of jiigments in carrots during chromatogra'pliic analysis. 




Total pigments 

Sum of individual 
pigments obtained 

j 

(4 

Colour and description of carrots. 

in the extract. 

after chromato- 

Loss 

.a 

a 

s 


graphic separation. 

per cent. 


fig-lg- 

Mg-lg- 


1 

2 

3 

4. 

5 

1 

Red colour, grown in Lahore | 

112-6 

110-8 

93-6 

96-3 

16-9 

14-0 

2 

Deep red colour, grown in Delhi 

160-7- 

139-6 

7-8 

3 

Red colour, grown in Delhi j 

120-6 

100-2 

103-6 

84-5 

14-1 

16-6 

4 

Light red colour, grown in Delhi 

70-6 

63-1 

10-6 

6 

Deep orange colour, grown in Delhi ... 

60-0 

60-1 

16-6 

6 

Orange colour, grown in Delhi | 

47-3 

34-7 

40-0 

31-4 

16-4 

9-6 

7 

Pale yellow colour, grown in Delhi ... 

2-7 

2-2 

8-6 

8 

Light yellow colour, grown in ( (o) 

5-1 

4-2 

17-6 


Delhi. I ib) 

7-4 

6-1 

17-6 

9 

Yellow colour, grown in Delhi | 

8-5 

10-0 

7- 35 

8- 28 

13-5 

17-2 

10 

Deep yellow colour, grown in Delhi ... 

16-02 

12-52 

16-6 

11 

Pink colour with a j^ellow core, grown 

18-0 

15-8 

12-2 


in Delhi. 




12 

Violet colour with a pale yellow ( (a) 

3-0 

2-4 

20-0 


core, grown in Delhi. ( (6) 

Violet colour with a yellow core. 

6-2 

4-13 

20-6 

13 

9-0 

7-83 

13-0 


grown in Delhi. 




14 

Violet colour with a pale yellow core. 

3-.5I 

3-19 

9-7 


grown in Lahore. 





(a) and (6) represent different samples of the same variety. 


The loss varies from 7'3 to 16'9 per cent in the case of more highly pigmented 
varieties and 9-7 to 20‘6 per cent in case of less pigmented varieties. _ In the latter 
case since the amount of pigments is small, the experimental error is likely to be 
greater. The order of losses involved in using this technique are, therefore, more 
correctly represented by the figures obtained in the former case. 

Analytical data regarding the carotenoid content of different varieties of • 
carrots is summarized in Table IT. Vitamin A potency calculated in accordance 
v'ith the formula mentioned above are also recorded in Table II. 
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Discussion. 


Pigments isolated and identified in tlie different varieties include xanthopliyll. 
y-carotene. ^-carotene, a-carotene. neo-i3-carotene TJ. neo-^-carotene B and nco-a- 
carotene. No additional bands appeared. Consequently 8-carotene reported by 
Strain (loc. dt), and ^-carotene and lycopene reported by Harper and Zsclieile 
(foe. cit.) in some varieties were not identified, y-carotene was found to be absent 
from orange and violet varieties although it was detected in appreciable quantities 
in the deep yellow ones The pale and light yellow carrots lacked also a-carotene 
and its isomer neo-a-car'otene in addition to y-carotene. 


In the red varieties. jS-carotene was found to be the principal pigment varying 
from 40’4 jag./g. to 99‘0 /^g./g. constituting 59'8 to 86'0 per cent of the total 
pigments, while a-carotene was present to the extent of 10'2 mg./g. to 16*3 gg./g. 
representing 9-3 to 23-0 per cent. The quantity of neo-^-carotene B was 
also appreciable being S'O /tg./g. to 20‘0 /xg./g. or 7-9 to 16-2 per cent of the total. 
Xanthophyll, y-carotene, neo-^-carotene U and neo-a-carotene are all present in 
small proportions up to 3"2 per cent of the total. 

In case of orange-coloured carrots, a-carotene was found to be the principal 
pigment and was present from 13'6 /xg./g. to 2fi‘0 /tg./g. constituting 34‘0 to 51'9 
per cent of the total pigments. The amomit of ;6-carotene in these varieties varied 
from 4'2 /xg-/g- to /^g-Zg- to 32‘5 per cent of the total. Unlike red- 

coloured carrots which contained xanthophyll only in small quantities, 2'2 to 
3'2 per cent, the orange varieties contained this pigment quite in appreciable 
quantities, 5T /xg./g. to 9'9 /xg./g. or 10'2 to 29’3 per cent of the total pigments. 
The remaining pigments neo-jS-carotene U. neo-^-carotene B and neo-a-carotene 
were present only in small quantities. 

It was interesting to note that in pale yellow to deep yellow and pink varieties, 
xanthophyll was found to be the principal pigment occurring between 2'0 ag./g. to 
13-2 /xg./g. or 75-9 to 93'4 per cent of the total pigments. The next pigment of 
importance was ^-carotene though only small quantities are present. 0’2 /xg./g. 
to 2'3 /xg./g. or 5-0 to ISM per cent of the total. In this group, y-carotene. 
a-carotone. and neo-a-carotene were generally not detected except in the case of 
j'ellow and deep yellow varieties. 


In the case of violet-coloured carrots also, xanthophyll was found to be the 
principal pigment and was present from 2T /xg./g. to 7-0 /xg./g. or 84-7 to 93-7 per 
cent of the total. Like pale and light 3’ellow varieties, y-carotene, a-carotene and 
its isomer neo-o-caroteno were not detected. The amount of ^-carotene was 
found to be exceedingly small varying between 0-2 /xg./g. to OT /x". /g. or 6-3 to 
11'9 per cent of the total. ' c- • 

The relative vitamin A potency of a- and y-carotenes is generally recognized 
to be half that of ^-carotene. The potency of neo-^-carotene U Las been inve-di- 
gated by a nuinber of investigators. This pigment was reported at first to have'^no 
;ntamm A activity (Polgar and Zeehmeister. loc. df . : Kemmerer and Frans 1943 • 
Kemmercr, Budp and Traps 1944). Deuel el a!. (1944) claimed that it was active 
to the extent of 38 per cent of ^-carotene. Later. Kemmerer and Frans f 1945^1 
carefully examined its vitamin A potenci after preparing it from two sources 
namely, by iodine catalysis of ^-carotene and isolation from a natural sZtcJ 
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alfalfa. They found, the vitamin A potency to be 22 per cent in the former and 
26 per cent for the latter as compared to j3-carotene. The vitamin A potency of 
neo-^-carotene B was considered to be equal to that of jS-carotene by Gillam, 
el Bidi and Kon [loc. cit.) and Mann (1944), though lately it has been found to have 
only half of the activity of ^-carotene (Kemmerer and Fraps, 1943 ; Kemmerer, 
Fudge and Fraps, 1944). There is only one report in the literature regarding the 
vitamin A potency of neo-a-carotene (Gillam, el Ridi and Kon, he. cit.). these 
authors describe it as having 0'7 the activity of j3-carotene. 

On the basis of the above observations, the biological activity of a-, y~ and neo- 
^-carotene B have been taken to be half that of ,6-carotene, that of neo-jB-csTotene 
U is 25 per cent and neo-a-carotene as 70 per cent. The total active pigments 
have been expressed in terms of )3-carotene and have been found to vary from 
116’8 fig./g. or 78'5 to 91 '7 per cent of the total pigments in case of 
red varieties of carrots, 13-2 /xg./g. to 30-9 ftg./g. or 42-0 to 61-7 per cent in case of 
orange, 0*2 /xg./g. to 2‘63 /xg./g. or 5'4 to 21*0 per cent in case of pale yellow to 
deep yellow and pink varieties, and 0'2 /xg./g, to 0*74 /xg./g. or 6-3 to 13-1 per cent 
in case of violet varieties. 

It will be noticed from the above figures that while the percentage of active 
pigments as compared to the total approaches 80 to 90 per cent in the case of red 
and deep red carrots, it is 40 to 60 per cent for orange and only 5 to 20 per cent 
for light yellow, yellow, pinlc and violet-coloured varieties. In the latter case 
especially it will give a totally erroneous idea of the vitamin A activity of this 
vegetable if it is based on the amount of total carotenoid pigments present as 
has sometimes been done. This is seen in Table III in which the vitamin A 
activity calculated on the basis of total hydrocarbon pigments present, and on the 
basis of individual carotenoids, is shown. The latter is the true vitaim’n A activity 
of the product. The first value is 6-3 to 68'2 per cent higher than the true value. 
The vitamin A activity on the basis of the active pigments is found within a range 
of 85 I. U. to 195 I. U. per g. for the red varieties, 22-0 I. U, to 61-6 I. XJ. per g. 
for the orange, 0-3 I. U, to 4-4 I. U. per g. for pale yellow to deep yellow and pink, 
and 0'3 I. XJ, to 1-2 I, XJ. per g. for the violet. 

Table III. 


Difference in vitamin A activity of carrots by the tivo methods. 


Number. 

Variety. 

Vitamin A 
activity calcula- 
ted on the basis 
of total hydro- 
carbon pigments. 

Vitamin A 
activity calculated 
on the basis of 
individual active 
pigments present. 

Difference 
between 
two values. 

' J 

2 

3 

4 

6 


r (“) 

162-4 

143-3 

6-3 

1 

Red (Lahore) ... -{ 




1 

[ (b) 

165-0 

142-8 

8-6 

O ^ 

1 

j Deep red (Delhi) 

1 226-3 

194-7 

16-7 
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Table III — concU. 


u 

42 

Variety. 

1 

Vitamin A 
activity calcula- 
ted on the basis 
of total hydro- 
carbon pigments. 

1 

Vitamin A i 

activil 5 - calculated ( 
on the basis of ' 
individual active 
pigments present. 

Difference 
between 
two values. 

1 

2 

3 

4 

5 


{ 

(«) 

167-7 

135-4 

23-8 

3 

Red (Delhi) ... ... | 

(b) ! 

1.37'.5 

i 

116-2 j 

1 18-3 

4 

Light red (Delhi) 

1 

!02*2 

1 

85-2 

19-9 

6 

Deep orange (Delhi) 


7.5-0 

51-0 

1 

45-3 


1 

(«) 

! 50-2 

30-1 I 

39-1 

6 

OfftYice IDcWi) ... *. 

1 (*) 

1 

1 37-0 

22-0 

08-2 

1 



(fl) 

' 0-67 

0-55 

' 21-8 

7 

Light yellow (Delhi) 

, (b) 

j 0-07 

0-55 

21-8 

j 


f («) 

1 2-75 

2-33 

i 18-0 

S 

Yellow (Delhi) 

1 (b) 

1 1-97 

1-05 

19-4 

1 

9 

Deep yellow (Delhi) 


.-.-03 

4-40 

14-3 

10 

Pink with a yellow core (Delhi) 


I 4-33 

3-40 

27-3 


f (c) 

0%'.0 

0-45 

U-1 

11 

Violet with a pale yellow core - 

1 

1 




(Delhi). 

1 (b) 

1-0.5 

0-90 

lG-(i 

12 

Violet with a yellow coie (Delhi) 


1-.3S 

i 

1-20 

15-0 


SujntAKY. 

The carotenoid' pigments of fourteen varieties of carrots ranging in colour 
from deep red to orange, yellow and violet have hcen investigated. Seven different 
carotenoid pigments, namely, xantlioplivll, y-earotene. ^'-carotene, a-carotene. 
neo-^-carotene B. neo-^-carotene U and neo-a-carotene were isolated and 
identified. Tlie individual carotenoid pigments have been separated b}’ chroma- 
tographic analysis, identified and colorimetrically estimated. Detailed data are 
presented in the paper regarding the amounts of different carotenoid pigments 
present in different varieties, y-carotene. a-carotene and neo-a-carotene were 
found to be absent from certain varieties. 

^-carotene is the iirincijial jiigment for the red varieties being jiresent to the 
extent of GO to 80 per cent. In the orange-coloured varieties a-carotene is the 
principal pigment being present to tlie e.xtent of 34 to 52 per cent, rrhereas 

J, -MU 4 
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xantJaophyll was found to be the principal pigment in light yellow, yellow, pink and 
violet-coloured varieties. It was found to occur to the extent of 75 to 94 per 
cent of the total carotenoids present. 

Taking into consideration, the biological activities of different carotenoids, the 
vitamin A potency of each variety has ])een estimated. It is shown that the only 
reliable method of determining vitamin A activity of such products is the isolation 
and determination of individual carotenoids and calculating the vitamin A potency 
on the basis of their relative activities. The vitamin A potency of the different 
varieties investigated showed rather a wide range of 0'3 I. U. to 195 I. U. per g. 
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It is well known that in inanv bone diseases like Paget’s disease, osteomyelitis, 
osteoporosis, o.steogcnic sarcoma, ineta-statie bone cancer, etc., there occurs an 
increase in the serum alkaline phosphatase (Morris and Peden, 1937). In rickets 
the increase was noted as early as 1925 by Deinuth (Deinuth, 1925). Kay (1930) 
wliile confirming this o))servation stated that .since the bone as well as the serum 
enzyme values were increased at the onset of the disease, the servnn pho.sphatase 
was probably identical with the bone {diosphatase. In a later communication, 
Kay (1932) snggcstecl that the increase in serum .alkaline phosphatase in bone 
\liseascs was due to a leakage from the bone ti.s.sue. According to Bodansky (1934) 
also the .serum pho.sphata.se in hone di.sea.ses is of osseous origin, Agaiast this is 
the fact that the serum alkaline phosphatase increases in many other diseases, e.g. 
ohstnictWc innndicc (Klood, Gutman and Gutman, 19,37). hepatic cirrhosis and 
!iyporth>T:oidism (Bodanskw and .Taftc. 19.34a), etc., in which bone is not concerned. 

Besides the diseases mentioned above, the dietary constituents mav also 
exert an influence on the .serum alkaline phospliata.se. Bodanskr' {loc. cit.) 
observed that in dogs carbohydrate feeding caused an increase* in .serum 
phosphatase and no effect was visible wlien fats were ingested. He suggested that 
this increase in serum was caused by the excess production of the enzHne in the 
intestinal mucosa, muscle, etc., from wliich it escaped into the serum. This 
hvpothe.sis receives support, from the work of Lnndsgnard (193.3) and Verzar (1935). 
M'cil and Russell (1940) claim, however, that in albino rats the reduced semm 

( 91 ) 
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pliospliatase activity caused ]3y prolougecl fasting was greatly increased by the 
ingestion of fats and not by carbohydrates. Preeman and Farmer (1935) have 
shown that in dogs and rabbits, higlj protein diets lower the serum phosphatase, 
while carbohydrates and fats raise it. Choline (Diitra and McTiiibbin, 1945), 
ascorbic acid (Gould and Schwachman, 1942) and manganese ("Wiese e( ah, 1939) also 
have been shown to influence the serum alkaline phosphatase. 

Thus, the fact that the serum alkaline phosphatase is increased in bone diseases 
of diverse eetiological origin and in other diseases in which bone is not involved 
leads one to suggest that the hitherto accepted view that the bone phosphatase is 
the source of serum alkaline phosphatase would require further experimental 
evidence before it can be considered to be conclusively proved. 

Another observation reported by Dikshit and Patwardhan (1946) which adds 
to the doubts regarding the origin of serum alkaline phosphatase is on the time- 
lag in the fall of the serum phosphatase even after complete healing of the rachitic 
lesion has taken place. If the hypertrophic cartilage was the source of serum phos- 
phatase in rickets the latter should come down to the normal after it has 
calcified, degenerated and been replaced by bone ; instead the serum alkaline 
phosphatase continues at a liigher level than the normal for a fairly long time. 
^Yhy the serum phosphatase level should lag behind the healing of the bone lesion 
is not satisfactorily explained by the present conception of the source of serum 
phosphatase. 

Experimental. 

Albino rats were selected for the experiment since rickets could be induced in 
these animals in varying degrees of severity within a reasonably short period. 
TAventy young and healthy albino rats weighing above 35 g. and 31 to 38 days of 
age were divided into four groxqis each comprising five rats and fed on diets I to 
IV. The litter mates were di.stributed equally in all the gi’oups. The animals 
were kept individually in cages which were kept in a room where no direct or 
reflected sunlight could jAenetrafe. 

The composition of the rachitogenic diets is given in Table I : — 

Tarle I. 


Composition of the various diets with different Ca : P ratios. 


Articles. 

Diet I. 

Ca : P 1-4 : 1 

Diet 11. 

C.n ; P i)'7 : 1 

Diet III. 

Ca : P 10-2 : 1 

Diet IV. 

Ca;P 15-0:1 


' 


cr. 

o* 1 

g- 

Amylum Sturch 

r»oo 

.■)00 

rm 

509 

S’esiiine oil 

32-.5 

32-.7 

32‘i! 

32-5 

Sodium chloride 

7 '2 

7-2 

7‘2 

7-2 

Calcium carbouate 

Oo 

9-5 

9 A 

i)-r> 

Potassium dihvdrogeu phosphate 

mA 

2-‘lC 

0'7r> 

0-31 

Egg white 

1,000 e.c. 

1,000 e.c. 

1,000 o.c. 

1,000 c.c. 
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The nitaterials mentioned above "n'ere well mixed with water to a thiclc pasty 
consistency and dried over a water-hath and in a steam oven, powdered and 
preserved. The powdered diets were weighed in numbered containers, an aqueous 
extract of 0'76 g. of yeast per rat per day was added to each and the mixture stirred 
with sufficient quantity of water to form a thick paste. The food was tlien steamed 
for 16 to 20 minutes and on cooliug placed in the cage.s. Unrestricted quantity 
of tap-water was also kept available in the cages. 

Vitamin A in the form of diluted shark-liver oil was administered orally to each 
rat in biweekly doses equivalent to 25 I. U. per rat per week, but no vitamin D was 
given. 

Bleeding of the animals. — The animals were Ided once a weelc. They were 
first lightly aniesthetized with ether and 0'3 c.c. to O'-l c.c. of Ijlood was drawn by 
heart puncture with a fine dry S3'ringe and needle. .-Vlthough heart puncture 
required some experience and skill, it was found more convenient than the method 
described by Veil and Russell (loc. cit.) in which blood was obtained by cutting the 
tail of the animal. The blood was allowed to clot and the serum separated by 
centrifuging in a capillary tulie. one end of which was sealed. The serum obtained 
thus was usually clear, only a rare sample showed very slight h£pmol}'sis. 

Dcterndnation of alkaline scrum phosphatase. — The method of King and 
Delory (1939) using plienvl phosphoric ester as the substrate was used for the 
determination of alkaline serum phosphatase. In this method the phenol 
liberated In- the action of serum pliosphatase upon tlie substrate phemd phosphate 
was determined colorimetricallv. TtTOsine solution was used ns the standard 
phenol as described In* Binkley, Shanks and Hoagland (1944). The results are 
expressed as phosphatase units in terms of mg. phenol liberated per 100 c.c. of the 
serum at 37'5'C. and pH 9 in 30 minutes. 

Adi content of femurs. — .-tt the end of the experimental period all the rats were 
killed after the final bleeding and their femora taken out. The bones were freed 
from the extraneous soft tissue and e.xtracted first with alcohol for 8 hours followed 
In* ether for 24 hours. They were then dried to constant weight and ashed in 
platinum or silica crucibles. 

Staining of the tibial .dircs. — The tibim were .dit open longitudinally and fi.xcd 
in 10 per cent formaline saline for 24 hours. Thev were wn.':hed repeatedly with 
(li.-stillcd water and then Icept immer.ced in 2 per cent silver nitrate for 2 hours in a 
dark place. At the end of this period the slices were washed fice from silver 
nitrate, with distilled w.atcr. and exposed to reflected sunlight for 15 ininute.c. 
(bib* the portion which is calcified is blackened on exposure, the rest remaining 
white. In this wat* it wa« po.s.«ible to observe the incre.ased width and irregularity 
of the epipln-seal cartilage in rickets. Camern-lucida sketches of the bone's 
treated in this manner were made. 


Disccssiox. 

A.d content . — The ash contcnl of dry fat-free femora of rats obtained at the 
termination of the ex]ieriment i« civen in Table II, The results indicate that even 
in r.its on diet with (,'a ; P 1*4 ; I the ash content wa<= 49*12 per cent, a figure 
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below the normal, this being probably due to the absence of vitamin D. The 
deficient calcification characteristic of rickets was fiirther accentuated in other 
groups when the disparity between calcium and phosphorus in the diet increased. 
The average percentages of ash in the other three groups Avere 3r63, 28-85 and 
29-20 respectively. 

TaB1,15 II. 


The ash content of dry fat-free femora of rats on diets with different 

Ca : P ratios. 


Ghouf I. 

Ca : P 1-4 : 1 

Group II. 

Ca : P 5-7 : 1 ’ 

Group III. 

Cn ; P 10-2 : 1 

Group IV. 

Ca:P 15-0: 1 

Rat No. 

Ash 

per cent. 

1 

! 

Rat No. 1 

1 I 

Ash i 
1 per bent. 

1 



Rat No. 

1 

1 Ash 

1 jiei- cent. 

3102 

45-81 

1 

3103 

! 

1 

1 33-22 

3104 

! 

1 

' 26*42 

1 

3106 

1 

28-17 

1 

.3105 

46-94 

3107 

33-32 

3108 

i 32-72 

3100 

! 20-70 

i 

3110 

46*47 

1 

3111 i 

1 

i 

1 20-03 

1 

3112 

1 

1 28-07 

3113 

j 32-10* 

3114 

40*0G 

1 

3115 

1 

31-09 

3116 

1 30-13 

1 3117 

1 

i 28-97 

1 

3118 

1 

46*31 ! 

1 

1 

3119 

31-61 1 

! 

3120 

26-02 

3121 

j 

29-85 

Average. 

46-12 

Avei'uge 

31-63 

i Average 


28-86 

Average 

20-20 



* Eat died after second week, hence excluded from the average of group IV. 

The appearance of the ejnphyseal cartikige. — Fig. 1 illustrates the ajipearance of 
the epiphyseal plate of cartilage as seen in rats belonging to the four different 
groups. These camera-lucida drawings are typical of others prepared from the 
tibiee of the remaining animals, hence it was considered unnecessary to include all 
other sketches. The increasing severity of rickets with increasing Ca ; P values 
is clear from these sketches. The epiphyseal cartilages of rats receiving diet 
with Ca : P = 1-4 were narrow and regular (3102) in this respect not differing from 
the appearance of a normal epiphyseal cartilage. In the animals of group II (Ca : 
P = 5-7) the cartilage disc was wider and irregular (3103), while in groups III (Ca : 
P = 10-2) and IV (Ca:P — 15) the cartilages were still wider and metaphyseal 
margins more irregula,r. Xo appreciable difference could be made out between 
the last two groups as judged by the api^earance of the epiphyseal cartilage or the 
ash content of the bone. 
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Serum phosphatase . — ^The initial serum phosphatase values of the rats varied 
from animal to animal (Fig. 2). The variation was very large and lay between 
176 and 53 units. Neither the litter, age nor the previous dietary history of the 
animals appeared to have a bearing on these initial figures. 



Days. 

Fig. 2. Influence of dietary Ca : P ratio on the serum alkaline phosphatase. 


.‘\ftcr the end of the first week on the respective diets the phosphatase showed 
a fall in all the groups irrespective of the diets. At the end of 2 weeks a slight 
rise in the phosphatase values was observed in 11 animals. This increase was not 
confined to any particular group, as is evident from the fact that out of the 11 rats 
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xrhicb sliowed a rise 4 belonged to the first group and 3 to tbe second group. 
In the rest of the animals, however, the fall continued. The end of the third week 
saw a general fall in the serum phosphatase in all the animals. The final values in 
various groups ranged between 22 and 48 units (Hig. 2). 

It is not possible to explain these results in the light of the generallj’ accepted 
view that in rickets the serum phosphatase increases considerably. If this view 
were correct it was only logical to expect that the serum phosphatase w'ould increase 
in these rachitic rats also. It may, however, be possible that the serum phos- 
phatase value sho^ved a fall on account of the growdng age of the rats, but the on- 
set of severe rickets should have caused an increase greater than the fall due to 
increasing age. 

Eobison (1923) had observed that the enlarged zone of provisional calcification 
in the rachitic cartilage of the rat contained active phosphatase. He further found 
that the long bones of rachitic rats yielded extracts of phosphatase relatively more 
active than those obtained from comparable bones of normal animals. Hence an 
increase in bone phosphatase activity in the rachitic am'mals of the present series 
is to be expected. As no determination of the bone phosphatase was made in 
the present investigation, no definite statement to this effect can be made. 
Considering that marked rickets was present in the animals of groups II to IV 
showing an increase in the osteoid tissue and the hypertrojjhic cartilage wdiich are 
the characteristic features of rickets one can reasonably assume that there must 
have been an increase in bone pliosphatase in these rachitic animals. In such a 
case a concomitant increase in the serum phosphatase activity should be expected. 
Since the serum phosphatase value was continually decreasing the suggestion, 
however,’ seems to be not altogether unjustified that the source of increased serum 
phosphatase in rickets observed by other workers could possibly have been other 
than the rachitic bone. 

It must be mentioned lierc that Freeman and IfcLean (1941) who produced 
a very severe rachitic condition in dogs could observe only a threefold increase in 
serum phosphatase activity. Tliis is in strong contrast to the observations of Kay 
(1932) and Bodan.sky and Jaflie (19346) who observed a twenty-fold increase in 
serum phosphatase activity in rachitic cliildren. Even then the latter could 
not find a correlation between the intensity of rickets and serum phosphatase 
values. 

The fact that no positive controls with vitamin D were kept in the present 
expcriinoit will require some explanation. Dikshit and Patwardhan (he. cit.) had 
observed that the serum alkaline phosphatase activity in dogs started increasing 
from the very beginning of vitamin D deficiency, but that it did not keep pace 
with the increasing severity of rickets as judged by the .T-ray plates. It was 
with a view to testing the relationship between serum pho.sphatase activity and the 
severity of the rachitic lesion that these e.vperiracnts on albino rats were under- 
taken. It will be clear, therefore, that for .such a purpose the absence of po.sitive 
controls doe.s not affect the conclusions reached. 

The onset of the deficiency of vitamin D as alreadv stated has been known to 
cause an increase m serum phosphatase which is still cenerallv considered to be of 
osseous origin. The findings described in this paper and the 'anomalies mentioned 
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earlier do not give support to this hypothesis ; on the contrary they throw consider- 
able doubt on the validity of the views of Kay (1932) and Bodansky {loc. cit.). 


Summary. 

1. Experiments were carried out on healthy young albino rats to determine 
the correlation between the intensity of rickets and the serum alkaline phospha- 
tase activity. The animals were dmded into four groups and fed for 3 weeks 
on diets having Ca : P ratio 1‘4, 5'7, 10‘2 and 15 ‘0 to 1 respectively. 

2. Each animal was bled once a week for 3 weeks and the aUcaline phos- 
phatase was determined in the serum. 

The initial serum alkaline phosphatase values were quite high, but at the end 
of the first week on rachitogenic diets, a considerable decrease in the values was 
noticed in all the rats. At the end of the second week, however, a slight rise in the 
phosphatase value occurred in more than half the number of animals ; but at the 
conclusion of the experiment, the phosphatase activity again markedly decreased 
in all the animals. 

3. ■ At the end of 3 weeks all animals were killed ; the tibise slit longitu- 
dinally and stained by von Kossa’s method were examined. 

It was observed that the epiphyseal cartilages of the rats receiving diet with 
Ca : P ratio of lA were normal in appearance, but with an increase in the dietary 
Ca : P ratio the epiphyseal cartilage disc became considerably wider and more 
irregular. The epiphyses of rats on the diet with a Ca : P ratio of 5‘7 were appre- 
ciably wide and irregular. With the Ca ; P ratio at 10'2, the cartilage had still 
further widened. No difference in the width of the cartilages of rats on diets with 
Ca : P = 10'2 and ]5'0 was observed. 

4. The average values of ash in the dry and fat-free femurs of the four group.*? 
were 46T2, 31’63, 28'85 and 29'20 per cent respectively. 

5. As no increase in the serum alkaline phosphatase was observed in spite 
of a severe rachitic condition as shown by {a) the increased epiphyseal cartilage 
width and (b) decreased bone-ash content, it is suggested that in rickets the serum 
alkaline phosphatase may not necessarily originate from the bone. The fact that 
other observers have found lack of correlation between serum alkaline phospha- 
tase and severity of rickets in children and in dogs lends support to this view. 
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Perusal of the available literature and research data relative to the incidence 
of dental caries during pregnancy onlv serves to demonstrate the wide divergence 
of views regarding the popular idea that pregnancy increases the susceptibility to 
caries. There is an abundance of lay and medical testimony of a more or less 
empiric nature to support this hypothesis. Price (1932) states, ‘a studv of the 
history of peoples as revealed by the idioms of their language has disclosed that 
practically ever}’’ race with a language has a plirase equivalent to “ a tooth for every 
child ” notwithstanding these languages ma}’^ liave had their origin in the dim and 
distant past It would seem that this can be accounted for only on the basis of 
the recognition of a clinical fact and ‘ an expression of the well-known tendenev 
to de-mineralization of the maternal tissues, the bones and teeth especially ’ (Da-v* 


In more recent times added support has been given to this view bv the 
unjustified claims that nutritional factors determine the incidence of dent 1 
caries. Investigations carried out during the past few years in the Kan ” 
valley and Hissar district in India lead to the conclusion that the nutritinfl^^l 
deficiency and \utanim Inqmtheses are untenable (Taylor and Day 1930 iqjn 
Day, loc. cit.). ' 

Local as well as general systemic factors have from time to tiniP c , 

as the possible cause of this apparent deterioration of the teeth durinf' tlm 
tion period-nausea and vomiting or ‘ morning sickness ’ with ftl 
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acid contents of the stomach into the oral cavity, so changing the normal alkali- 
nity of the oral secretions ; changes and perversions in appetite ; ptyalism and 
change in the normal alkalinity of the saliva even when regurgitation to the 
stomach contents does not occur. This increasing acidity of the sahva in combina- 
tion with the defective mouth hygiene has been frequently suggested as an important 
contributing local factor in the alleged destructive effects of pregnancy on 
the teeth. 

Although pregnancy and lactation have come to be considered as normal and 
physiological states and not in any sense pathological as has been held in the past, 
yet these functions do constitute a period of increased stress on the part of the 
maternal organism, as the mother is faced with the double responsibility of suppl}'- 
ing proper amounts of nutrients necessary for the offspring as well as for her 
own body-metabolism. The fact that the teeth are the most highly calcified 
structures in the human body has focused attention on the calcium metabolism of 
the mother during gestation and the possibility of calcium starv^ation during fhis 
period causing withdrawal of calcium from the teeth as well as from the bones. 
Bogert and Plass (1032) found that the calcium content of the foetal serum is con- 
sistently higher at the time of birth than in the mother and exceeds the normal 
calcium range of non-pregnant women. There is much evidence to support the 
\dew that malnourished mothers give birth to seemingly well-nourished and fully- 
developed children, indicating that the foetus has the ability to extract substances 
from the mother’s circulation to meet the needs of its own growth, and when 
these nutritional elements do not exist in the maternal serum in adequate 
amounts the mother’s nutritive reserve may be drawn on to meet the needs of 
the child. 

Despite the contrary view held by some investigators it can be stated that the 
theory of the withdrawal of calciunr from the teeth during pregnancy in any cir- 
cumstances has not been adequately established. ]\rost of the biological studies 
(Karlstrom, 192-1: Toverud. 1927; Bosebury and Foley. 1934) relating to preg- 
nancy and dental caries have been carried out with rats’ incisor teeth and should 
be largely discounted in view of the fact that analytical comparisons cannot 
reasonably be inade as the incisors of these animals are of continuous growth from 
a persistent pulp. Dragift' and Kanshan (1943) analysed for percentage of ash the 
root dentine of 31 teeth of pregnant women and 21 teeth of non-pregnant women. 
They found no difference between the two groups and concluded that there 
was no basis for the view that minerals are withdrawn from the teeth of 
humans during pregnancy. 

The results of clinical im'^estigations are so much at variance that they 
provide scant proof on a strictly scientific basis of a greater deterioration in the 
teeth of pregnant women. 

The findings of Ballantyne (1919). that 98 per cent of pregnant women show 
carious teeth, have little significance in view of a similar high caries incidence 
frequently reported amongst non-pregnant women, males and children. Bodecker 
(1930) reports the frequent finding of an increase of dental caries during pregnancy 
and suggests that the cause may be a reduction of mineral salts in the teeth which 
would increase their permeability. Ziskin (1926) examined 699 pregnant women 
during the last months of pregnancy, and 206 non-pregnant women. He found a' 
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lower iucidence of decayed teeth in the pregnant group. In a subsequent study 
Ziskin and Hotelling (1937) produced evidence to show that pregnancy not only 
does not increase tooth decay but that factors operating during pregnancy actually 
prevent caries to a significant degree. Similar conclusions were reached by 
Starobinsky (1929) who investigated the dental caries incidence in 150 non-preg- 
nant women and 216 pregnant women at the ninth month of pregnancy. 
Gomperts (1926) draws similar conclusions from his own investigations. On the 
other hand.Gerson, quoted by Weintraub (1932), made observations of 50 pregnant 
women between the second and fourth month, and 50 non-pregnant women of the 
same age and social status. The whole series of 100 were examined six months 
later. His results based on teeth lost and caries incidence during the period of 
investigation strongly suggested a positive correlation between pregnancy and 
dental caries. Except for one reference quoted by Weintraub {hc.cit.) to the in- 
vestigations of Lintz, who reported a positive correlation, the available literature 
svould seem to indicate that no attempt has been made to correlate the incidence 
of dental caries and the number of pregnancies in the same age group. If preg- 
nancy has an effect on dental caries incidence, whether the cause be local or sys- 
temic, it would seem safe to assume that the incidence of dental caries null be in 
direct proportion to the nuniber of pregnancies in groups of the same age and social 
status. 

The present study was designed to determine whether any relationship does 
in fact exist between the incidence of dental caries and the number of pregnancies 
in various age groups. 

JfETHOD OF INVESTIGATION. 

This was the same as that followed in earlier surv^eys (Shonrie. 1941, 1942, 
1946). A detailed dental inspection, in which all the available tooth surfaces in 
the mouth were examined using a dental mirror and probe, was made in the case 
of each individual. The total number of teeth and the number of deciduous 
and permanent teeth (when present) were recorded. All extracted teeth were 
recorded as carious, except when known to have been lost as the result of trauma, 
paradontal disease or extracted for some other reason. In recording the extent of 
taries the classification of Day and Sedwick (1934) was emplor^ed. which is as 
follows : — 


1. Initial caries including softened or discoloured pits and fissures frivinc 

lodgment to fine explorers. ® ® 

2. Freely accessible approximate cardties and small oiien cavities involving 

less than one-quarter of the tooth. ^ 

3. More extensive caries involving more than one-fourth and less tlian 

two-tlnrds of the croAvn. 

1. Caries involving from two-thirds to complete destruction of the crown. 

The average caries figure — Total caries figures 

Nnmbcr of tectli examined' ' 

The total caries figures are calculated bv multiph-inn the 

imdot each of the heads mentioned abor'c by the corresponding number i e 1 2 

3 or 4. ,h. core ,„,y t,e. O.,o ,inUy-u!o 
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These were in-patients in the Lady Willingdon Hospital, Lahore, and those 
attending the out-patients’ department of the same institution. 

In each case information was also collected regarding the age and the number 
of full-term deliveries. For anal 5 ^sis of data different individuals were divided 
into various age groups. Persons in each age group were further grouped with 
regard to the number of pregnancies. Incidence of dental caries was compared in 
the different pregnancy groups. 

Table I shows the incidence of dental caries in relation to the number of preg- 
nancies in all the age groups, while Tables II. Ill and IV give the caries incidence 
in the various age groups and the relationship of dental caries with regard to the 
number of pregnancies in each age group. 

In each table comparisons have been made with regard to : — 

(1) The percentage of persons free of caries. 

(2) The percentage of carious teeth — 

(а) total number of teeth. 

(б) lower left molars only. This has been done to meet with the 

statistical objections that different teeth in the mouth cannot be 
taken as similar entities as their forms, functions, and eruption 
times are different. 

Discussion and results. 

Table I indicates that there is no significant difference in dental caries 
incidence in subgroups arranged according to the number of pregnancies. Had 
there been any effects of pregnancy on the dental caries process, the incidence of 
caries would have been expected to increase in 2 >roportion to the number of preg- 
nancies. 

The results were statistically analysed and were not found to be significant. 

To eliminate the effect of age in Table I, persons studied were divided into the 
following age groups : — 

A. From 15 to 20 years of age (Table II). 

B. From 21 to 30 years of age (Table III). 

C. From 31 to 40 years of age (Table IV). 

Data collected for each age group were further submitted to statistical analysis 
regarding the relationship of dental caries to the number of pregnancies, and the 
differences were again not found to be statistically significant. 

Thus, the evidence produced in this investigation does not support the popular 
concept of a relationship between pregnancy and dental caries incidence. 


Summary. 

One hundred and eighty-two women were examined for dental caries. In- 
formation was also collected regarding the number of jnegnancies in each case. 
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Analysis of the available data does not support the popular concept of a relation- 
ship between pregnancy and dental caries incidence. 


Table I. 

Incidence of dental caries in all age groups. 


Number 

of 

pregnan- 

cies. 

PERS0^'S. 

TEETH. 

1 

i 

i 

Number j 
of persons 
examined. 1 

Per cent 
caries 
free. 

Total. 

j Lower left 1st molar. 

1 

Number. 

1 ' 
1 

Per cent 
carious. 

' 

Average 

caries 

figure. 

Eumber. 

Per cent 
carious. 

0 

2e 

30-0 

788 

1 3-9 , , 


26 

11-5 

I 

34 ^ 

41-2 

924 

1 

5-7 1 

1 0*12 1 

1 

34 

14-7 

2 

28 

46-4 

S51 

4-8 


28 

26-0 

3 

20 

65-0 

610 

4-0 

1 

0*07 

20 

26-0 

4 

i 

23 

r,2-l 

1 

712 

6-4 

0-14 1 

1 

23 

30-4 

5 

16 

{ .iO-0 

1 

! 

503 

i 9-4 

1 1 

1 

0-26 

1 1 

16 

25-0 

6 

n 

1 22*2 

285 

4-8 

0*10 

i 

9 

11-1 

7 

!) 

S5-5 

281 

1 4-0 

I 

0-11 

9 

IPl 

s 

\ 

fiO-0 

125 

2-4 

. 0-04 

' i 

0-0 

n 

3 

lOO-O 

96 

! 0-0 

f 

1 

O'OO 

3 

0-0 

10 

i ' 

600 

160 

1 

1 

0-05 

r, 

20-0 

n 

1 

1 1 

o-o 

1 

32 

! 1 
1 3-1 i 

1 

1 0-10 

• 

0-0 

12 

I 

' 100-0 

32 

1 

' 00 ' 

o-oo 

I 

04) 

12 ■ 

•> 

0-0 

01 

3-2 


O 

0-0 

u 

1 

BH 

32 

J 

3'1 ' 

1 1 

H 

1 

0-0 


J, MR 













106 


J^jffect of PregnanGt / on. Dental Caries, 


Table 11. 


Incidence of dental caries in at/e grouj) 15 /o 20 years. 


1 

So ! 

1 

° ! 

^ . i 

.a a 

S o 

'T. 

‘C 

i> - 

HP 

0 

BP 

U 

1 i 

PERSONS. 



TEETH. 


Number 
of persons | 
1 examined. 

1 

Per cent 
caries 
free. 


Tot-u.. 


1 

j Low-ek left 1st SrOEAR. 

Number. 

Per cent 
carious. 

Average 

caries 

lignro. 

Number. 

Per cent 
carious. 

0 

1 

i 

18-0 

1 

1 

I 12 1 

33-3 

353 

3-3 

0-04 1 

12 

• 8-3 

1 

18-5 

17 1 

52-9 

403 

3-2 

0-04 

17 

11-7 

2 ! 

18-4 i 

5 

60'0 

, 146 

3-4 

0-00 


20-0 

3 

20-0 

4 

aO-0 

124 

7-2 

0-09 

4 

25-0 

4 

19'0 1 

41 

100-0 

1 30 


• » > 

1 

0-0 


' 20-0 1 

1 

1 

1 

0-0 j 

! j 

28 



1 

0-0 


Table 111. 


Incidence of denial caries in age group 21 to 30 years. 


Number of pregnan- 
cies. 

! 

s i 

o J 

;« 

a> 

o 

to 

c: 

o , 

> 

1 

PERSONS. 

1 

! TEETH. 

1 

Number 
of person.s 
examined. 

1 

Per cent 
caries ‘ 
free. 

1 

' 1 
1 

i 

Totae. 

i 

1 

1 

Rower left 1st molar. 

t 

Number. 

Per cent 
carious. 

Average { 
caries 
figure. 1 

) 

Number. 

Per cent 
carious. 

0 ' 

24-8 

! 

, s 

1 ! 

02-5 

1 

i 

248 

J 

2-7 

1 

1 

0-07 

S 

12-5 

1 

25-0 

1 10 

31-2 

•290 

8-1 

0-19 

1(1 

18-7 

2 ’ 

24-0 

1 

' 47-0 

641 

1 3-1 

0-10 

21 

1 28-5 

3 

25-2 

1 IS 

50-0 , 

390 

2-5 

0-07 

13 

15-4 

4 

26-1 

1 14 

64-3 , 

437 

5’o 

0-12 

14 

21-4 

5 

27-5 

j 7 

1 57-1 

229 

4-0 

0-10 

7 

2S-4 

6 , 

2S-1 

1 

! 33-3 , 

192 

6-7 

0-13 

6 

16-6 

7 

29-1 

1 5 

100-0 i 

155 

0-7 

0-01 

i5 

0-0 

8 

27-0 

i 2 

50-0 

61 

1-5 

0-01 

2 

0-0 

Over 

25-5 

1 O 

0-0 1 

f 1 

64 

3-0 

0-93 

2 

.50-0 
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7 iiciflcHcc of devinl caries in 
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in 
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USE OF TOLU BALSAM IN RAMON’S FLOCCULATION 
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Ramon (1922) introduced the flocculation test for determining the potency of 
diphtheria antitoxins. Tn this in vitro method, a constant volume of toxin is 
bTon«ht in contact with graded amounts of autitoxiu. The first tube to show 
flocculation, when observed in a bath at constant temperature, was considered to 
be the tube wdiere equivalent quantities of toxin and antitoxin were neutralized. 
The method would have replaced Ehrlich’s method, but for certain irregularities 
which were noted later. Glenny, Pope and Waddington (1925) referred to the 
discrepancy between the in vitro and in riro methods. The difference between the 
results in the two methods definitely indicates that the first tube to flocculate in 
Ramon’s scries is not the tube which represents a truly neutral mixture of toxin 
and antitoxin. Glenny and Barr (1932) believed this might be due to the lack of 
firmness in the union that takes place between the antigen and antibody. Tn 
fact, subsequent observers, including Taylor, Adair and Adair (1934). Heidelberger 
and Kcndnil (1935) and others have noted that invariably the tube containing 
slight excess of toxin or antitoxin is the first tube to flocculate in the ‘ ^ ' 
procedure. 

V fresh study of the toxin-antitoxin flocculation reaction was initiated with a 
view to introducing into the toxin-antitoxin system certain agents which might 
facilitate the binding of the antigen and antibody. Xon-specific substances have 
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been used in the past for bringing about or accentuating innminological reactions. 
Thus. Dold (J92]) tried to introduce certain agents, such as kaolin, starch, inulin 
and agar with the intention of facilita.ting the agglutination reaction. i\reinick-e 
(1922) introduced tolu baksani in tlie precipitin reaction for syphilis Avith the same 
object. The introduction of chole.sterol by Sachs (1917) also helped to improve 
the syphilitic precijiitin test. 

Various reagents, such as cholesterol, gum resin (from areca-nut), iron 
albuminate, and tolu balsam were tried. Tt was found that only tolu balsam in 
the form of a stabiliPicd colloidal emulsion suited our purpo.se. 


Experimental. 

Tolu balsam is thoroughly washed three or four times in hot distilled water. 
It is then dried, carefully weighed, and dissolved to form a 3 per cent solution 
in absolute alcohol. v 

O'd c.c. of the 3 per cent alcoholic solution of tolu balsam is added to 0'2 c.c. 
of cardiolipin (AVassermann antigen without cholesterol). The cardiolipin helps 
in the stabilization of the emulsion. 

One c.c. of distilled water is now added to the tube containing the 
above mixture and mixed thoroughly by transferring the contents from one 
tube to another several times. This gives a homogeneous milky-white, stable 
emulsion. It is allowed to stand for about 5 minutes at room temperature 
before use. 

Two series of flocculation tubes are put up. In both series, graded quantities 
of antitoxin are ])ut in tubes containing TO c.c. of toxin. Into one set OT c.c. of 
tolu-balsam cardiolipin emulsion is added to each tube and the final A’oluine is 
made up to 2T c.c. with physiological saline. 

In the other series, Avhich serves as ‘ control ’, only physiological saline is added 
to. make up the final volume to 2T c.c. 

In each tube, the contents are thoroughly mixed by inverting gently two or 
three times. Tolu balsam gives a slight opalescence to the tubes of this series. 
Both the sets are observed in a water bath at .52°C. with adequate arrangements 
for illumination. The first tube to flocculate and time of flocculation are noted 
for each series. 

It has been observed that the detection of the first tube to flocculate in the 
series with tolu balsam is definitely facilitated by the larger size of floccules, and 
the clearing up of the opalescence with the commencement of the flocculation. 
The flocculating tube stands out in marked contrast to tubes on either side. The 
fine floccules of the Kamon’s series makes it difficult to detect the first tube to 
flocculate, and unless the eye is specially trained it is ea.sy to miss the tube. 
It was also noted that the fir.st tube to flocculatewas not the same in both 
the series. 

In all. 3 samples of horse serum after a full course of immunization, and t 
samples of refined diphtheria antitoxin were put up for flocculation. The 9 
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samples were also put. up tor iit vivo titration ar-corflim/ 
Hie results are recorded in Table I 


to R Ollier's tecdinique. 


Taulp; 1. 


Sample. 

j I.u./c.c. 

1 (letermined 
j by Ramon’s 
method (ap- 
proximate 

I value). 

Kf. 

I.U./C.C. 
determined 
bj' modified 
method (ap- 
proximate 
value). 

Kf. 

' I.U./C.C. 

determined 

1 by Romer’s 
' method (ap- 
proximate 
j value). 

1 

Horse seruji : ‘ 

! 

1 

i 




222 

( 

430 

25' • 

500 

1 03' 

1 .500 

22.? 

(too 

1 

j 

20' 

600 

20' 

i 

! 025 

22(J 

i 

600 

26' 

600 j 

1 

20' 

025 

FiKal refined : ' 

, 

1 

I 


' 

201 

l,.a00 

30' 

1 

2,0f«) j 

20' 

1.900 

202 

... j 

9011 

00' 

I, ion 

40 ' 

1,2.50 

2 o:i ... i 

1,300 

20' 

1.200 ! 

15' 

Slightly less 
than 1,200 

2<M 

1.300 

40 

1,500 

!.->' 

1,4.50 

20.'j 

1.300 

20- 

l..-,00 

IT 

I..500 

2U0 ; 

1.300 

.'.O' 

1..500 

1 

30' j 

i 

1,600 


at tli^Ri‘a-iIifhrsHhite!S ‘liplitheria toxin, prepare.! 

bad been carefullv dotennincd. Tlie sets' *^ 1 ”^ antitoxin whose potencv 

ment. 1 otl. sets were observ d in a b 1 Previous Ixperi- 

uniinntion. As in our experience witj; the ' . - arrangement for 

t'oflori"lT°“ balsam was'^a t^eteftion 

to flocculate was not the same in both the serm- of ease. TJie first tube 

senes of experiments. Aftei determining ^he "lT'Yv 

- U the flocculation method the 
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samples were tested according to Romer’s technique on rabbits. The results are 
recorded in Table II ; — 

^ Table II. 


Toxin sample. 

Ramon’s method. 

Modified method. 

1 

R6mer’s method 
I.U./c.c. 

Lf I.U./o.c. 

Kf. 

Lf I.U./c.c. 

t .. 

Kf. 

261 

( 

27 

30' 

1 

j 31-6 

23' 

30 

236 

36 

19' 

40-5 

17' 

40 

262 

90 

1 

8' 

80 

6' j 

80 

266 

31-6 

28' 

27 

28' 

26 

264 

26 

40' 

20 

36' 

20 

245 

13-6 

1 

120' 

13-6 

60' 

12-6 


From Tables I and II it will be seen that the time of flocculation 
is definitely hastened in the series with tolu balsam. Tolu balsam, therefore, 
improves the flocculation reaction (Ramon’s) by : — 

(а) Showing a better correlation between the in vitro and in vivo values. 

(б) Facilitating detection of the first tube to flocculate. 

(c) Shortening the time of flocculation. 

It may be noted here that in order further to improve the detection of 
flocculation, we introduced certain colouring agents. Different dyes were tried. 
It was finally found that India ink, in the proportion given below, helped to some 
extent to bring out the floccules in contrast with the surrounding medium. 

0‘05 c.c, of India ink is added to 2‘0 c.o. of physiological saline. This 
is immediately added in O'l c.c. quantities to the tubes containing the toxin-anti- 
toxin tolu-balsam mixture. 

Discussion. 

In the flocculation reaction, the toxin-antitoxin molecules unite in a lattice 
and the complex appears as floccules. The union does not take place in an 
irregular and haphazard manner, but obeys certain laws of proportion. In both 
the ‘ a ’ and ‘ ^ ’ procedure, it takes place in certain optimal proportions. Theo- 
reticallv the first tube to show flocculation should be the tube where equivalent 
quantities of toxin and antitoxin unite, leaving neither antigen nor antibody in 
the supernatant. But Taylor et al. {Joe. cit.), Heidelberger and Kendall {Joe. cit.) 
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and others have shown that this does not happen in practice. The supernatant 
invariably contains either an excess of toxin or antitoxin. Evidently this dis- « 
crepancy between theory and practice is due to some factors influencing the mechan- 
ical binding of antigen and antibody. Tolu balsam, as is evident from the 
experiments, pla}^s a definite role in the process of flocculation. The agreement - 
between the results obtained by fw tntro and in vivo methods by the introduction 
of tolu balsam suggests that the reagent is definitely playing an intermediate role 
in helping better binding of the. toxin and antitoxin molecules. This helps the 
process of neutralization of equivalent quantities of toxin and antitoxin by each 
other. Just as cholesterol in the Wassermann reaction, as Eagle (1937) believes, 
serves as a centre of adsorption, colloidal tolu-balsam particles may be serving as 
an intermediary which facilitates mutual combination between toxin and anti- 
toxin molecules. 

Summary. 

1. Ramon’s flocculation test is modified b}* the addition of emulsion of tolu 
balsam stabilized with cardiolipin. 

2. The results obtained bv the modified flocculation test agreed with those 
obtained by Rbmer’s technique. 

3. The detection of the earliest flocculating mixture is facilitated by the in- 
troduction of small amounts of tolu balsam in the system.' 

4. The time of flocculation is also considerably shortened by the introduction 
of tolu balsam into the system. 
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NOTICE. 

The following has been received for announcement. 

— Editor, I.J.M.R. 

3lst January, 1947. 


THE EOHRTH IHTEHHATIONALCAKCEB RESEAHCH COHGHESS. 

The Fourth International Cancer Research Congress will be held in St. Louis, 
Missouri, U.S.A., during September 2 to 7, 1947. The Union Internationale 
Contre le Cancer having accepted the invitution of the American Association for 
Cancer Research, the Congress toII be held under the joint auspices of these two 
organizations, with Dr. E. V. Cowdia^, Professor of Anatomy, H'ashington 
University School of Medicine and Director of Research of the Barnard Free Skin 
and Cancer Hospital, serving as President of the Congress. 
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NOTE ON THE RELATIONSHIP OF THE SO-CALLED 
OOAWA AND INABA TYPES OF V. CHOLEBM. 

BY 

D. L. SHRIVASTAVA, 

(Iholera Inquiry, Indian Research Fund Association . 


AND 


P. BRUCE WHITE, 

Member of Scientific Staff. National Institute for Medical Research, Lemlov. 
{From the Central Research Institute, Kasouli, Punjab.) 


[Received for public.ition. Febninry IS. 1047.] 


As several dissertations on the antigenic structnre and serology of P. cholera' 
appeared shortly before and during the course of the second World War 
(e.g. Heiberg. 1935; Vassiliadis. 1937; Linton. 1940 ; Taylor, 1941) and as 
Burrows, ^father, McGanu and Wagner (194G) have recently summarized, with 
ample references and in a journal readily accessible, existing knowledge of the 
subject, there is need only, in now discus.sing the stability of the Inaba and Ogawa 
subt}-]3es of this organism, to recall the few published obseiwations and opinions 
immediately relevant to the issue. 

First in sequence and importance in this connection is the work of Kabeshima 
(1918) who, in reporting the serological difference he had found to exist between 
a Japanese epidemic vibrio strain J ' and a strain ‘ F ' from sporadic cholera in 
Formosa, stated that he had observed mutation from one serological tvpe to the 
other. By repeatedly passaging strain ‘ F ’ in broth containing the homologous 
nnti-‘ F ’ .serum he led ft to adopt the serological behaviour of strain ‘ J '' and. 
though in c.xperiments along similar lines he failed to induce strain ‘ J ’ to assume 
the serological diaracter of ‘ F '—obtaining at the trial what we can nov recognize 
ns a rough v.ariant. spontaneously .agglutinablc — he claimed to have observed this 
type of change when an El Tor vibrio, originally adhering to the ‘ J ' pattern 
was exposed during growth to the action of ‘ J ' 'antisenim. Kabeshima further 
stated that when he inccul.atcd strain ‘F' into the gall-bladders of II rabbit. «. 

•r, MU ( 117 ) I ' 
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he obtained from these after 37 days ‘ vne soucJie comparable d la souclie J but 
that when strain ' J ’ was similarly inoculated into 7 rabbits ‘ 2 otH fourni tine 
sovcJie qui ne se confotid avec la souclie F qidau point de vue de Vimmtinite ’ — an exposi- 
tion which seems on both scores a little cr 3 q)tic. 

Since the strains ‘ J ’ and ‘ F ’ were the respective prototypes of the Original 
and Variant (Varie) types of later Japanese, and of the Inaba and Ogawa types 
oi later British authors, the observations of Kabeshima amounted to a demonstra- 
tion of mutation from the Ogawa to the Inaba type with a rather less convincing 
suggestion of possible change in the reverse direction, 

Kabeshima’s statement as to the lability of his serological types under the 
action of their homologous antisera has been widely cited and as often brushed 
aside, partly perhaps because of its ungarnished brevity, partly certainly, as the 
comments of Heiberg (loc. cit.), Vassiliadis (loe. cii.), and Burrows et al. (he. ait.) 
show, because it has been assumed that, being unaware of the niceties of ‘ 0 ’ and 
‘ H ’ analysis and the subtleties of ' E. ’ variation, he was not in a position to assess 
correctly the significance of his observations. 

Such an estimate of Kabeshima’s work was not likely to be modified by perusal 
of the communication of Aoki and Oshiro (1934), who pretended to see in the 
Original and Variant types of Nobechi specific and non-specific phases comparable 
with those of the Salmonella group. The main evidence of transmutation which 
these workers were able to adduce lay in their finding that certain cultures, received 
from other laboratories and labelled as strains of the Original and Intermediate 
(Hikojima) types, agreed on examination with their so-called non-specific phase. 
They put forward the thesis that during laboratory cultivation all cultures of 
V. clwlerce tend to lapse into this serological form. 

Such has not, however, been the general experience — nor our own. Nishimma 
(1938), whom we quote from the summary of Burrows et al., reported that Nobe- 
chi’s type-specific strains were still specific 15 years alter isolation and those 
cultures in our possession which purport to- represent the original Inaba and 
Ogawa type strains have, with many other classified cultures since received, 
remained similarly steadfast. 

Prior to the recent World War one of us made some rather desultory attempts 
to induce modification of the specific serology of the cholera vibrio by cultivating 
it, with and without addition of complement, in media containing the homologous 
antiserum — a method of treatment he had found useful in the isolation of rough 
races from smooth vibrio cultures (White, 1935). These experiments made with 
ordinary ‘ 0 ’ or ‘ H ’ -j- ‘ 0 ’ antisera and focused mainly on the Inaba type jed 
to no observation of new interest ; roughening was the only form of serological 
change detected. 

It, however, seemed possible to us when re-considering the question of the 
lability of the serological types of the organism that, as a stimulus to change or 
as a selective aid in observing change naturally occurring, the action of strictly 
type-specific sera from which the common group component bad been removed 
might succeed where the broader action of the natural sera hitherto employed had 
failed, 
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Tliis has proved, at least in part, to be the case and v'e are satisfied on the 
evidence detailed below that the Inaba type may consistently be isolated from 
cultures of the Ogawa type of V. cJioleice. 

Materiaus. 

The strains of V. choler® and V, El Tor examined .~¥ot the purpose of our 
inquiry the following strains were selected from Ihe collection of cultures maintained 
at the Central Research Institute, Kasauli 


V. eholercp. 


Ogawa type strains . — 

Hr.L. 15 and M,L. 6'6' — isolated respectively i?! 1913 at the District Labora- 
tory, Calcutta, and in 1945 at No. 9 Field Laboratory, S.E.A.C. 

358-203A, 368-213B, 534-380A, 536-382C, 551-397C, 843-C94B— all isolated 
in the spring or summer of 1946 at the School of Tropical Medicine, 
Calcutta. 

' 2586 ’ — old laboratory strain : no records available. 

‘ X ’ — a strain previously received from the collection by one of us (D. L. S.) 
to serve as an Ogawa type culture in serological and chemical studies 
proceeding ; its serial number having been lost, it may possibly 
correspond with one of the strains listed above. 

Inaba type strains . — 

Inaba (Tolcyo) — prcsumablj" the original Inaba type strain. 

191 A and 194A — strains of unknown origin ; long maintained in the collec- 
tion. 

596B — isolated in 1943 at the School of Tropical Medicine. Calcutta. 

Khulna I — isolated about 1940 by the Bengal Cholera Field Inquirv. 

370-215A. 389-234B, 709-5DGC. 726-575A. 794-C45A. 91G-7G9B. 91 8-771 A, 
953-80GC — all isolated between the spring and summer of 1946 at the 
School of Tropical Medicine, Calcutta. 


El Tor vibrios. 

Oqaiva type strains . — 

34-D 11, 31-D 21— strains isolated at El Tor by Dr. Doorenbos in 1934. '• 
El Tor Doorenbos — an unnumbered strain previously received by D. L. S. 
from the Central Research Institute collection. It mav corre.spond 
with one of the El Tor strains noted above. 

Inaba type strains . — 


31-D 13. 34-D 25. 34-D 2G— strains i.solatcd at El Tor bv Dr. Doorenbo'= 
in 1931. 

The antiscra^ u.W in the cjpcrnnca/5.— Through ihe bulk of the vork vc have 
used mono-specific agglutmaiing aniisda for tic Cgaua and Inaba tjpes of 
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F. cJiolercB manufactured at the Central Research Institute for routine purposes. 
These sera, stored in sealed phials and preserved with phenol, were prepared, we 
are told, by treating the respective natural ‘ 0 ’ antisera raised in rabbits with 
heat-killed dried and pulverized cultures of the heterologous t 5 'pe to remove the 
common agglutinins and were clarified by centrifugalization. We have been at 
pains to satisfy ourselves as to their sterility. Indeed it was found that even when 
diluted 1 in 2 with broth and incubated at ST^C. they were rapidty lethal to a heavy 
vibrio inoculum by virtue of their phenol content. Two samples of C.R.I. mono- 
specific Inaba tj'pe serum were available to us ; one dated 4th June, 1946, and 
declaring on tlie label the titres Inaba' 1 : 500, Ogawa 1 : 60 ; the other dated 
28th November, 1946, claiming an Inaba titre of 1 : 250 (this serum had no action 
on our Ogawa strains at a dilution of 1 in 20). Only one sample of C.R.I. mono- 
specific Ogawa agglutinating serum could lie supplied to us ; this, dated 21st 
August, 1946, was labelled Ogawa titre 1 ; 600. We have found it without 
action on the tj^pical Inaba type strains in our possession. 

During the course of our study, with the o))ject of excluding phenol from our 
media, we prepared an additional mono-specific Ogawa type serum by exhausting 
a natural serum with a washed and heat-killed (boiling water-bath) culture of the 
Inaba tj^pe, clarifying it by centrifugalization and finally sterilizing it by filtration 
through an Elford Gradacol membrane (average pore size 0’66/x). 

This had a specific titre of 1 ; 2,000 and had no action on the Inaba type as 
rejpresented by the original Inaba culture and similar strains. 


Methods. 

The impossibility of handling and comparing adequately, 4uring the relatively 
short period of our collaboration, large numbers of variant forms obtained by a 
variety of irrethods or by varying greatly the conditions in any one method has 
led us to concentrate our attention on those simple procedures which first disclosed 
the tj'pe of change for which we w'ere looking. These have been : — 

1. Cultivation of the organism at 37°C. in nutrient broth (papain digest of 
mutton, pH 7’8), to which had been added, in the proportion of 1 part -to 9, the 
requisite mono-specific agglutinating serum. At this dilution of the serum the 
phenol present did not exert a serious inhibitors^ effect on growth. 

The medium, to economize in the consumption of specific serum, was dispensed 
in approximate 0’5 c.c. amounts in small tubes (ca. 3" X 0‘3"). The amount 
of culture inoculated was usually sufficient to confer a faint turbidity to the 
medium. 

When the tubes vrere incubated for more than 24 or 48 hours the cotton-plugs 
were impregnated with sterile parafiin W'ax to prevent evaporation of the medium 
and, with this, concentration of the phenol. 

2. Cultivation of the organism at 37°C. in broth containing activated mono- 
specific serum : Inoculation was made into a mixture of 1 c.c. of a 1 in 10 dilu- 
tion of mono-specific agglutinating serum, 0’5 c.c. of a saline 1 in 5 or 1 in 10 
dilution of fresh normal guinea-pig serum and 0-5 c.c. of papain digest broth — 
giving a total volume of 2 c.c. and ^ final serum concentration of 1 in 20. 
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After 24 hours’ incubation and on succeeding days platings were made from 
the supernatant flui^ in each tube. (Time has not allowed parallel examination 
of the deposit of agglutinated culture.)^ The growth appearing on these plates 
was examined by slide-drop agglutination tests with mono-specific Ogawa and 
Inaba sera and with a suitable rough serum, all applied in comparable volume to 
the droplets of emulsified culture in a dilution of 1 in 10 and so acting in a final 
dilution of about 1 in 20. 

Preliminary tests on each plate culture were carried out with a sweep sample 
of the confluent growth or of many colonies and no attempt _wa_s made to study 
individual colonies until such broad sampling gave an indication of mixed 
or completely altered agglutinability. Sometimes where the cliscrete colonies 
were sufficiently grown, differential slide agglutination tests were carried^ out on 
these directly from the primary platings : more usually a number of colonies — the 
chances being gauged from the behaviour of the sweep sample — ^were subcultured 
as macro colonies on a well-dried agar plate for later study. The variant races 
ultimately selected for preservation and fuller study were replated once or twice 
and propagated in each case from isolated colonies. 

Two phenomena tended to impede the satisfactor}' application of the method 
of sweep sampling : Extensive roughening of the cultures with consequent salt 
agglutinability and the presence in some cultures — particularly those of the El Tor 
strains — of granular or slimy material, po.ssibly Hpoidal. which likewise interfered 
with confident observation of partial specific agglutination. 

It was found that these untoward effects could be eliminated by emulsifying 
Some of the culture in saline — preferably 1-6 per cent EaCl solution — centrifuging 
down and removing the salt-precipitable material, and then by more vigorous 
centrifugalization collecting the salt insensitive residue of the culture for serum 
tests. 

Full-scale agglutination tests were made by the usual macroscopic technique 
using the drop method of dilution and saline suspensions of living agar-grovn 
vibrios. The tubes were dipped in a water-bath at bO^C. for 2 to 4 hours at which 
form first readings were taken, the final readings being made after the tubes had 
stood overnight in the refrigerator. 

In testing the agglutinin-absorbing powers of parent and variant races the 
living vibrio cultures, scrajicd from .agar, were directly emulsified in the aggluti- 
nating sera suitably diluted and the reaction mixtures verc allowed to stand for 
one hour at 37°C. before being clarified in the centrifuge, 

Inany agglutination and agglutinin-absorption tests involving ‘1? ’variants 
or ])arfially rough forms the .saline concentration in all menstrua vas reduced from 
the u.sual 0-S5 per cent of XaCl to one-half or one-third of that amount. 


Ojjsmtv.vTio.vs o.v tr.vxsitiox ^Ro^^ the Og.vwa to the Ix.\b.\ tyre. 

The essence of our findings on this point are readilv stated ; from all our ]() 
strains of T' chnlcrw type Ogawa and three strains of Ogawa t^qm El Tor vibrios 
1 cultures which wlicn te.ried with the type ir.ono-.'pecific sera and 

with Jv serum have reacted exclusively and wholeheartedly with the serum 
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of tlie Inaba type. Such of these presumed ‘ Inaba variant ’ cultures as have been 
studied by fully expanded agghitination and agglutinin-absorption tests against 
Ogawa and Inaba type antisera — whether natural unabsorbed sera or mono-specific 
sera purged of common agglutinin — have reacted precisely likfe strains of the Inaba 
type (accepting the strain ‘ Inaba ’ as prototype of the stib-group). . Though anti- 
sera have not yet been raised against the variant cultures, permitting the counter 
test to be performed, we have no positive reason to doubt that serologically they 
are typical races of that tjrpe. 

Lest it be thought that we too readily or uncritically accept these races of 
Inaba-reacting vibrios, isolated from Ogawa -labeled cultures, as true derivatives 
of the Oga'wa type be it pointed out that the lilcelihocd that all our 13 cultures of 
the Ogawa type were infected from first isolation or during laboratory passage 
with an Inaba contaminant is relatively small ; that we have not, apart from the 
specific treatment described, been able to discover signs of duality in the original 
strains ; that isolation of the presumed variants was, in the case of all the F. clwlem 
type Ogawa strains studied, at least once, sometimes twice or three times, accom- 
plished from fully tested races sprung from a carefully selected discrete colony ; 
and that we may confidently assert that the reagents involved in the experiments 
were bacteriologically sterile. 

It would be difficult and of little profit to detail in sequence the various 
experiments made. Table I gives in summary the results of some of the more 
important and successful trials in respect of which details have been preserved and 
in Table II are set out the results of an experiment made to compare the serological 
properties of one of the variant cultures with those of its parent culture. 

Table I. 


Showing the agglutinative response of culture sa^nples after treatment of V. cholera3 
Ogaiva type strains ivith monospecific Ogawa antiserum {aggUitinating titre 
of undiluted serum 1 : 500 to 1 : 1,00b). 


1 

i 

1 

* 4i 

Strain. ' g , 

' .§ 

1 ‘C 
o 

. & 

X 

1 

jMothod of treatment. 

Day of examination. 

Agglutinative prop- 
erties OP SWEEP 
SA3IPLE WITH MONO- ' 
SPECIFIC SERUM. 

1 Number of colonies 

1 EXAMINED EEACTINO 

1 AS 

( 

Ogawa. j 

1 

1 

Inaba. 

1 

Rough. 

^ Ogawa. 

i 

1 

1 

Inaba. 

Rough. 

1 

, 1 

( 

1 

+ -H" j 

i - ! 



1 1 

j 


f 

Ogawa scrum 1:10 -j 

1 

1 

1 



1 


M.L. 15.^ 


2 

-t-+ 

-i-+ 

t 

1 

5 

5 

1 

1 B 

1 

„ „ 1 : 10 

1 

t 

^ 1 

t 


1 

1 

10 


Exjihtnalioti ; h-f-f) -h+i -r ‘"md / indicate varying degrees of agglutination from complete to 

traces. 

... = No colonies examined. 

— = Negative finding. 
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Table I — could. 


Strain. 

Experiment. 

Method of treatment. 

Day of examination 

AaGIitJTllfATlVE PEOP- 
ERTIES OF SWEEP 

1 SAMPLE WITH MONO- 

SPECIFIC SERUM. 

Number of colonies 
examined EEiCTlNG 

AS 

Ogawa. 

^ Inaba. 

1 

Rough. 

j Ogawa. 

Inaba. 

j Rough. 



A 


Ogawa serum 1 : 10 

1 

1 1 

1 

+ 

i 

+ + 

n 

! 1 

7 






Ogaiva serum 1 : 20 


+ + + 


- 



1 





Complement 1 : 20 

N ! 

— 

4- 

+ + + 

— 

I 

3 



ui 



1 




1 


i 

M.L. 6G^ 


1 


Ogaxva serum 1 ; 20 

r 

1 

71 

d-d'd- 

1 


1 


1 



Complement 1 : 40 

J 2 

1 _ i 

d" 

4- d" d" 


1 

3 



G 


Ogaiva scrum 1 : 10 ^ 

, 1 

' 1 

+++ 


1 1 

10 (1 

iMi.vcd). 



1 

r 

Ogawa scrum 1 : 20 

1 1 

) 1 



1 






D J 

1 


1 M ' 

"hd- j 

++ 


i 3 

1 (9 Intermediate). 




1 

Complement 1 : 32 

1 

1^ ; 

1 I 

I i 


j ++ 

1 



2580 

D 

Ogawa serum 1 : 10 

! 1 

1 

+++ 

I “ 

' ! 

i 

6 1 

' i 

- 

358/203A 


A 


Ogawa scrum 1 : 10 

1 

i ++ 1 

+++ 

+ 

i 

1 

1 

2 

— 

368/213B 


A 


„ „ 1 : 10 

1 

■ +++ 

+ 

+ 

3 

1 

1 

— 

534/3S0A 


A 


„ 1 : 10 

1 

' ++ 

++ 

- 

3 

' 3 

— 

530/3S2C 


A 


„ „ 1 : 10 

1 

+++ 

++ 


3 ' 

1 

— 





f 

1 

+ dr + 

t 

j t 

7 



651/397C 


A 


„ 1:10 ] 





I 







j 1 

o 

+++ 

f 

( d- 

1 

10 

— 

- 





f 

1 

+++ ' 

1 

d- 

+ 

14 1 

1 


813/t.njB 

A 


.. „ 1:10 ] 




1 








1 


+ 

++ 

1 

d- d* 

1 

7 

.> 

3,5S/203A 

1 B 

1 


Ogaivn serum 1 : 10 

1 


1 

f 

1 

10 

1 

308/21311 

B 


„ „ I : 10 

1 


d- 

^ -L 

1 1 

.■> 

o 

,7 

.53I/3S0A 


' B 


1 : 10 

1 ; 

-f 

d* -f d- 

— 


8 

- 

r.51/.31»7C 


' B 

) 


^ 1:10 

1 1 

t 

•V-rd- 

i 

- ! 

1 

12 ' 

- 


Krplnr.ation :—^++, ~+, + nnd t indicate vnn-ing degrees of ngglutination from complete to 


... = Ko colonies examinctl. 
— •= Xcg.ativo finding. 
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Table I — condd. 


Strain. 

1 

j 

! 

Experiment. 

Method of treatment. 

Day of examination. 

Agglutinative prop- 
erties or SWEEP 
.SAMPLE WITH MONO- 
SPEOIFIO SERUM. 

Number of colonies 
examined reacting 

AS 

Ogawa. 

Inaba. 

1 

' Rough. 

i 

1 

Ogawa. 

1 Inaba. 

1 

Rough. 




Ogawa serum 

1 : 20 

1 



1 

1 

1 








' i 1 &' 

+ + + 

i — 

+ 

. • . 

... 

. . • 




Complement 

I : 20 

/ 2 

i 

1 t 





5.'51/397C 

C 














Ogawa serum 

1 : 20 1 

J] 





t 





^ Complement 


i r ^ 

4" + + 

++ 

+ + 

3 1 

2 1 

7 





1 : 20 j 

J 





i 

! 



Explanation: h + +, ++, + aiicl/ indicate varying degrees of agglutination from complete to 

traces. 

... = No colonies examined. 

— = Negative finding. 


Table II. 

(Comparison of llio agglatimlive and aggluiinin-hinding propterlies . 
of strain M.L. 66 {type Ogawa) with those of the ciiUnrc 
M.L. 66 {Inaha variant race 12) derived from it. 


) 


Strain tested for 
agglutination. 


Parent JI.L. 06 (Ogawa) 
Inaba (Tokyo) ... 

M.L. GO (Inaba variant) 


Parent M.L. GO (Ogawa) 
Inaba (Tokyo) . . . 

M.L. 00 (Inaba variant) 


Parent M.L. 00 (Ogawa) 
Inaba (Tokyo) 

M.L. 00 (Inaba variant) 


Titre lisiits in agglutination 

TESTS IVITII 


1 

Ogawa antiserum 

Inaba antiserum 

1 {versus M.L. 00). 

1 

{versus 569B). 

j Before absorption. 

1 

2,000 

! 5,000 

1,000 

5,000 ' 

' 1,000 

10,000 

1 After absorption with parent strain 

j M.L. 06 {Ogawa). 

1 < 100 

< 100 

< 100 

1,000/2,000 

1 < 100 

2,000 

' After absorption 

M it/i M.L. 00 

{Inaba variant). 

2,000 

< 100 

< 100 

< 100 

< 100 

< 100 
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From Table I it is seen that the type of variation described was demonstrated 
at the majority of the trials presented. In these the C.R.I. inono-specific Ogawa 
type antiserum was employed : similar success was achiev ed witli our on n prepara- 
tion of mono-specific Ogawa, serum. Setting aside those trials at which generation 
of Inaba-reacting vibrios was not proven — and the number of these failures might 
have been reduced by more leisured and assiduous study— the extent of the change 
observed in the treated culture was very variable : sometimes Inaba-reactmg 
colonies were relatively few in number in platings and difficult to find_ ev'en nheie 
the liehaviour of the sweep sample’ 'gave good reason to suspect their presence ; 
at other times there was a serological landslide in the composition of the super- 
natant culture and the residue of the parent type was as difficult to detect. The 
precise degree of the response could not be forecast ; the individual strains behaved 
very differently at successive trials, now showing in platings an occasional Inaba 
type colony, now showing an overwhelming majority of such colonies, now failing 
to show discernible change other than, perhaps, roughening. 

Collaterally with the appearance of Inaba-reacting vibrios in the serum treated 
Ogawa cultures there was a tendencj' to the development of rough variants parti- 
cularly when the serum employed was activated witji complement. The presence 
of numerous rough forms in platings placed, as has })een noted above, difficulties 
in the way of exact observation of the serological properties of the smooth 
constituents of the culture. On the wliole, however, we have been relatively 
little hindered in our examinatioji of Ogawa cultures by the occurrence of 
extensive roughening in the plated culture saniples. 

When the fact of change from Ogawa to the Inaba type was first demonstrated 
wo reg.ardcd it as probable that various transitional forms would, from time to 
time, appear in our cultures. Save on one occasion, this expectation has not been 
realized in experience : indeed the completeness of tlje serological change observed 
has seemed a striking feature of the phenomenon and where colonies with dual 
serological behaviour have been encountered, as they have been frcquentlj’ enough, 
they have readily been shown by replating to have been mixtures of distinct Ogawa- 
rcactiug and Inaba-rcacting elements. 

The single instance in which forms of intermediate behaviour were detected 
was an experiment (included in Ta})Jc I) in which the Ogawa strain IM.L. 06 was 
cultivated in .activated Og.nwa type mono-specific serum. Platings made on the 
day of incubation .showed, with a few colonies of the parent tvpc and others franklv 
rough, a number which yielded in subculture races wliicli, 'while not appreciably 
clum])cd by salt in jihysiological concentration, reacted fully not only with Ogawa 
and Inaba mono-specific sera but also with rough antiserum'. Peplating has failed 
to rc.'^olvc these racc.s into more specifically reacting colonies and we are of opinion 
that, in them the units aetually present 'trivalcnt agglutinative properties; that 
they arc tr.ausition.al forms slightly alTccted by roughening. In absor])tion tests 
performed they entirely exhausted tiie rougl/serum emplovcd and reduced the 
homologous titres of the mono-specific Ogawa tyjic and Inaba tvpe sera (in both 
eases about 1 ; 1.000) to a small residue fin Im'th cases about 1 ; 100 to 1 : 200). 
It- may lie Jiotot] tlint all or almost all the typical * Iiiaha variant ' colonics cA'amincfl 
were quite, smooth. Whether the pccnliaritv of these races was in anv wav due to 
the activation of the aiitisernm. if is impossible to .say. In demonstr'ating change 
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to the Inaba type we have not on the whole found any advantage in adding 
complement to the medium. 


Observations regarding transition from the Inaba to the 

Ogaava type. 

Our findings on this issue lend themselves rather less readily to direct and 
confident statement than to those presented above : first, btecause the material 
on which we have worked has proved serologically complex ; second, because 
negative results where obtained — and obtained under conditions of limited experi- 
mental range — cannot be regarded as entirely conclusive. 

The strains which we selected, on the basis of catalogued type, from the 
C.R.I. collection to serve as representatives of the Inaba type were found on 
examination with our mono-specific sera to fall into two groups. The first grolip 
was composed of the original Inaba strain and the strains 191A, 194A, 569B and 
Hhulna I, none of which in slide-drop agglutination tests were affected at a 1 in 
10 or higher dilution by the mono-specific Ogawa antisera which we employed 
and likewise gave completely negative results with the same sera in water-bath 
tests at dilutions of 1 in 20 upwards. These we regard as representing the Inaba 
type proper. To this group belonged also the El Tor strains D13, D25 and 1)26. . 

The second group was formed by the remaining strains (370-21 6A — •963-8060) 
all relatively recently isolated in Calcutta. These strains while reacting fully with 
our Inaba mono-specific sera showed also definite though partial agglutination 
with our mono-specific Ogawa sera — sera prepared by treatment of the ‘ whole ’ 
antiserum with classic Inaba strains. In slide-drop agglutination tests mono- 
specific Ogawa serum diluted 1 in 10 to 1 in 20 caused considerable immediate 
clumping of the suspensions, leaving always, however, a persisting turbidity. Such 
efforts as we have made to separate strongly Ogawa-reacting and weakly Ogawa- 
reacting races from these cultures have not been successful though it is quite clear 
that in them the units are of very varied sensitivity to Ogawa agglutinins. 

In fuller agglutination tests b}' the water-bath technique the Ogawa cross 
reaction has seemed rather less strildng, but what is important is that in absorption 
tests the cultures in question are able to reduce the specific titre of Ogawa mono- 
specific serum to one-fourth or one-third of its original value — thdugh the}’^ are 
unable to exhaust it further when the absorption procedure is repeated. It would 
seem, then, that these alleged Inaba cultures contain some part of the specific 
Ogawa serological complex, though not that complex in entirety. 

Though the agglutination of the cultures by mono-specific Ogawa sera is 
relatively weak, their behaviour in absorption experiments coincides precisely 
with Nobechi’s description, as expressed in his often reproduced table of agglutinin 
cross-absorption tests, of the properties of the Intermediate type, with its fully- 
developed Inaba antigen and qualitatively imperfect Ogawa antigen. We have 
little doubt that all the strains in question belong to this Intermediate fraternity. 

With these explanations the way is cleared for a statement of our results. 
Dealing first with the eight cultures, 5 F. cholera} and 3 El Tor, adhering to the 
classic Inaba pattern, we have failed, despite repeated trials, to isolate from 
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any one of these, by cultivation in the presence of the homologous mono-specific 
serum, races agglutinable by mono-specific Ogawa serum. Platings made after 
24 hours’ incubation of the primary cultures almost invariably shoved ‘ E ’ colonies 
and often ‘ R ’ colonies almost exclusively ; in those made after 48 hours complete 
roughening vas the rule. The predominance of R forms in our cultures of Inaba 
strains was in contrast to our experience with the Ogawa type, where their appear- 
ance tended to be delayed and where it was relatively seldom, save where comple- 
ment was employed, that they became the sole or even dominant components of 
the supernatant broth culture. 

The case of the Calcutta strains of intermediate serology turned out differently. 
Here, too, rough variants appeared early and in abundance in the broth cultures 
but from four {370-215A, 389-2.34B, 794-645A, 953-8060) of the eight strains (each 
of which was tested 3 to 5 times) we were able to cultivate,^ though in each instance 
on one occasion only, races indistinguishable in agglutination and absorption tests 
from strains of the Ogawa t 3 'pe. 

On the four occasions on which this serological change was observed the 
variant became the dominant component of the supernatant broth culture and was 
readily isolated from platings. In the case of strain 370-215A, _ the ‘ Ogawa 
variant ’ was obtained from a carefully tested race derived from a single colony ; 
in the remaining cases the isolation was made from the cultures as received. 

Since examples of the method of recognition and identification of variant 
cultures have been given in Tables I and II to cover the case of the ‘ Inaba variant ’ 
forms we have not regarded it as necessarj' to include here formal tables of the 
tests,, essentially' similar in principle and equally conclusive, made with these 
‘ Ogawa variants ’. 


DisctrssioN. 

It is relatively seldom that the bacteria] serologist, so often under the stigma 
of bringing complexity to taxonomy' hitherto straightforward, finds himself, as 
we at the moment do, in tlie happy- position of urging a simplification of ideas. 
TIic unequivocal indication of the observations described (ibove is that the system 
of subsidiary classification of F. choJero' at present in vogue — and in the populariza- 
tion of which one of us has played some part ! — is, whatever may subsequently 
prove to be its practical inipiortancc, taxonomically invalid. IVithout denying' 
the possibility that on some other basis true serological subtypes of the classic 
vibrio may yet be found, it can be said that, whether one chooses to speak in terms 
of Ogawa, Hikojima and Inaba types or like Burrows and his collaborators in 
terms of a factorial system, the c.xtrenic probability is that one is expressing merely 
the range of natural variation of a single organism. Kabeshima in launchinrr the 
.‘series of observations which have led to the existing doctrine of the tvpe.^ had 
grasped, however slender his evidence, the true nature of their relationship. 

That the Inaba type may be readilv derived from the Ogawa tvpe now «eems 
to be eonelusivcly proved. On the other hand, the possibilitv of the' reverse change 
from Inaba to Ogawa cannot be decided summarily on the li'mitcd bodv of negative 
evidence wc arc able to present. It may be that under rather difierehtcondltions 
of serological treat ment or by some other form of stimulation the Inaba type mav 
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be induced to revert. AVe do feel, however, that the contrast in the behaviour 
of the two types under very comparable conditions of treatment is sufficiently 
marked to imply the probable significance of the negative findings in the instance 
of the Inaba strains — all the more so in that those cultures, originally mistaken 
for Inaba strains, which contained a tangible if qualitatively imperfect remnant 
of Ogawa antigen did not prove intractable under the treatment we applied. 

It is always interesting and sometimes profitable to speculate as to the nature 
and origins of such phenomena of biological change. If we accept at face value 
the evidence which suggests that, so far as sjrecific serological intervention is 
concerned, the change from Ogawa to Inaba is irreversible and gamble on the 
knowledge that, in the bacterial world as elsewhere in living nature, variations 
of loss and degradation overwhelm in number those of gain and synthesis, we arrive 
at the provisional thesis, advanced without prejudice to future correction : — 

That the Ogawa serological complex represents the known acme of elabora- 
tion of the specific somatic antigen of F. cliolerw. 

That this antigen is subject to degradation presumably by failure of the 
organism to synthesize certain chemical groupings. 

That this change is expressed serologically as a positive modification in the 
detail of the antigen and not merely as a factorial loss. 

That from this debased Inaba antigen there is no easy return to the Ogawa 
state by a revival of lost synthetic power, the only escape from the 
interference of specific antibodies being in ‘ rough ’ change, i.e. entire 
failure to synthesize the specific complex with resultant unmasking 
of the ‘ R ’ antigen. 

It is probable that proof or disproof of this hypothesis can be obtained only 
by chemical means. 

There is little in our work to show how the basic variation is engendered. One 
possibility is of course that the serous attack is a direct stimrrlus to change. It is, 
however, a little difficult to understand how an attack directed against the super- 
ficies of the cell — against what is probably largely in the nature of a secretion — 
could cause transmissible modification of this or of the underlying germinal 
substance on which its synthesis depends. Even if one is prepared to be frankly 
teleological and assume that the cell in its wisdom takes requisite evasive action 
one is left to explain vhy only one cell in a myriad is thuswise. 

The other line of possible explanation is that the variation in question occuis 
naturally in the multiplication of the Ogawa culture but too rarely to be commonly 
discernible in laboratory studies, being only exposed, where present, when the 
teeming mass of unaltered culture is precipitated leaving the lone variant to colonize 
without competition the supernatant medium. If the change to Inaba is indeed, 
as Ave have suggested, one of synthetic defect it is readily conceivable that such 
forms might arise — as do ‘ R ’ forms and other loss variants throughout the living 
world — during the multifold divisions of cells and presumably through some fault 
in germinal distribution. Such a conception of occasional chance variation would 
be compatible with the apparent fortuity of success and failure in our efforts to 
isolate the Inaba type from Ogawa cultures. 
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Summary. 

Various strains of cholera and El Tor vibrios were cultivated in broth contain- 
ing, with and without the addition of complement, the tj-pe-homologous mono- 
specific antiserum and tlien examined for signs of serological change. 

From 10 strains of F. cholera and 3 strains of V. El Tor belonging to the Ogawa 
type, and grown in the presence of Ogawa mono-specific antiserum, there were 
isolated in each case races serologically indistinguishable from strains of the Inaba 
type. 

• When similarly exposed to the action of mono-specific Inaba antiserum, 4 of 
8 strains of F. cholera, predominantly Inaba-like in serology, but possessed of 
an imperfect Ogawa factor, ^fielded cultures of the Ogawa type. 

On the other hand 5 strains of F. cholera; and 3 strains of F. El Tor adhering 
strictl}' to the Inaba type failed, when cultivated in the homologous mono-specific 
seruni, to show' serological change other than roughening. 

The significance and nature of the phenomena are discussed and it is pointed 
out that tile existing classification of the vibrios of ‘ 0 ’ group 1 into serological 
types is taxonomicall}' invalid. 


The w'ork rejiorted on here has been carried out by one of us (D. L. S.) 
in pursuance of his appointment to the Cholera Inquiry of the Indian Research 
Fund Association and by the other (P. B. AV.) at the invitation of that Association 
and under the agis of the Jledical Researcli Council, London. To both these 
bodies we would tender our thanks for having made possible this pleasant collabora- 
tion. AVe arc deeply indebted to Lieut.-Colonel H. W. Alulligan, i.M.s., Director. 
Central Research Institute, Knsauli, for having given us the requisite laboratory 
facilities, and we would lilce to strilie a very personal note of gi’atitude in thanlcing 
Dr. Gurlcrip.al Singh, of the Institute staff, foi having supplied to us almost the 
entire materials of our re.search from the collection of cultures and stocks of anti.‘:era 
in his charge. 
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IXTRODDCTION. 

PoR many years choler.a vaccine has been extensively nsed in India and 
elsewhere as a personal prophylactic, especially when cholera epidemics are 
imminent or in progress. Based on the experience of mass inoculation campaigns 
carried out during epidemics, the value of the vaccine in affording protection against 
cholera has been studied by Bussell (1927) in Madras, Govinda R.aju and Sarkar 
(1931) in Beng.al, Mill.ar and Ghulam Mohi-ud-din (1937) in Kashmir, and Bosnian 
and Lewis (1930) in Burma. Excepting in the first of the above studies, there 
ajipear to be doubts about the eifective exposure to the disease being identical 
in the case of the inoculated and uninoculated populations. Further, as tlie 
existence of serological types among cholera vibrios bad not been suflicientlv 
rccognir.cd at the time of the above studies, the types of vibrio included 
in the vaccines used for inoculation cannot now be’ stated with certainty. 

( 131 ) 
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Furthermore, apart from the value of the vaccine as a personal prophylactic, 
other immunological problems, such as the duration of immunity conferred and 
the case fatality rate in inoculated subjects, had not been considered by the 
above authors. For these reasons, the large number of inoculations done during 
the widespread and severe epidemic of cholera which, in 1942 and 1943, involved 
over two-thirds of the hfadras Province, was considered to afford an exceptional 
opportunity to re-assess the value of inoculation in the prevention and control 
of epidemics, and also to study the time factor in the development of immunit}" 
and the period for which it remains effective. 

The epidemic of 1942-43 in Madras was one of the six-yearly periodic waves 
characteristic of cholera, in this province (Eus.sell and Sundararajan, 1928). As in 
the major epidemics in the past, infection was imported through Bellary and 
Kurnool districts, cases occurring more or less simultaneously in both these 
districts late in the first quarter of 1942. Conditions of famine and acute 
water scarcity present at the time in these districts were ^particularly favour- 
able for the persistent prevalence of infection.- A few weeks later, cholera 
broke out among the visitors at two pilgrim centres, one in the Kurnool 
and the other in the Bellary district. Pilgrims retuniing from thesb festwals 
spread the infection to the villages through which they passed, thereby creating 
multiple foci of infection in the other ceded districts. The infection spread 
subsequently to the south and south-eastern districts of the province. The 
festival centres at Palni in Madhra district and Puri in Orissa were additional foci 
from which infection radiated into the adjoining districts. In the course of a few 
months, approximately two-thirds of the province was involved, the north-east 
coastal areas alone escaping serious infection. The routes along which the infection 
spread are indicated in the Map (see opposite). 

The following extract from the report of the District Health Officer of South 
Arcot wall be found to be of epidemiological interest : — 

‘ Generally, in all the taluks, there were two distinct rises in the trend of the 
epidemic. The first phase was within three w^eeks from the date of onset^and 
another along with the usual wdnter ejjidemic, commencing from the middle of 
December 1942 to the first half of January 1943. The second phase of the epidemic 
is the result of the part played by the groundnut pickers (migrating agricultural 
labourers). The labouring classes who leave their homes in search of livelihood 
to taluks wdiere groundnut produce is in har^-est and return home by the end of 
December, carried wdth them the infection. Further, these labourers spend their 
time in groundnut fields, eat freely raw groundnuts and take wmter from any source 
available and .sleep in the open air and expose themselves to the inclemencies of 
the weather. To quote one instance, cholera infection in Villupuram taluk was 
confined to villages adjoining the river Peimar and it was subsiding. But on 16th 
November, 1942, there was a sudden outbreak of cholera in one of the villages in 
a gang of groundnut pickers. These labourers fled awaj^ in panic in different 
directions w'hile. suffering from or incubating the disease. Information wms received 
by this department only w-hen the labourers had run awmy. This gang was respon- 
sible for spreading the infection in 22 villages in Villupuram taluk and in addition 
caused infection to be spread in Giiigee taluk wffiich had been free from the epidemic 
during all these months.’ 
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During the 1942-43 epidemic approximately 300,000 cases of cholera of which 
169,400 were fatal were recorded. In all, about 12-48 million persons received 
anti-cholera inoculation. 


Present inquiry. 

The present inquiry deals mainly with the statistical evaluation of the data 
collected during and after the epidemic of cholera in several affected areas. Por 
an inquiry of this kind, the most suitable data would be those secured on an experi- 
mental basis relating to a group of persons in a community inoculated prior to the 
expected occurrence of cholera with uniiioculated persons serving as controls. 
For obmous reasons, the two groups of population should be comprised of 
sufficiently large numbers and should be more or less identical in every respect 
except that one group is inoculated and the other not. There are, however, certain 
difficulties in getting such material for study. In the first place, it is only when 
cholera actuall)' occurs in a village that the people are willing or can be persuaded 
to accept inoculation. Secondly, when, at the time of an actual or threatened 
epidemic in a village, there is a demand for inoculation, it would be administra- 
tively unsound to restrict inoculation to some persons in the community and deny 
it to others for the purpose of an experimental study, especially when it is the 
accepted policy of the public health administration to persuade everyone to accept 
inoculation. Thirdly, the present inquiry was contemplated only .after thousands 
of inoculations had already been done. By this time, the epidemic had become 
widespread and the available field staff and vaccine supplies were barely sufficient 
to meet the needs of the areas actuallj- affected by cholera : it was impossible to 
release personnel and vaccine for use in other areas in anticipation of the occur- 
rence of cholera for the purpose of a planned inquiry. Certain data, virtually 
equivalent to anticipatory inoculations, were, however, obtained in the pre.sent 
investigation. In the course of the epidemic, .several hundred villages experienced 
two or more outbreaks of cholera at varying intervals. The inoculations done 
at the time of the first outiueaks in the.se villages may. therefore, be regarded 
as anticipatorv inoculations with respect to the .second and subsequent 
outbreaks. 

The objects of the inquiri- have been to determine 

(rf) Whether anti-cholera inoculation confers immunity against cholera, 
.and if it docs, the time taken for its development from the date of 
inoculation. The data required to determine these points are the 
relative incidence of cholera in the inoculated and the uninoculated 
£;rou])s of the popul.-vtion exposed to risk, and the incidence of ca.'^c.s 
on tiie d.avs succeeding the date of inocul.ution. 

(/)) The duration of the immunity conferred bv inoculation. This could 
be determined from the incidence of cholera amons the inoculated 
pensons who continued to be e.xposed to risk in the course of an out- 
break of long duration and in the populations at ri.^k in villages which 
experienced more than one outbreak of the disease when the interval 
between such outlireaks was not undulv .short. 
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(c) The influence, if anj'’, of mass immunity on the occurrence of subsequent 
outbreaks. Tliis could be determined from the data in (b). 


Definitions and criteria. 

For the purpose of the present study, the following definitions or criteria 
have been adopted : — 

{i) As varying periods are required for the development of a sufficiently 
high level of immunity after prophylactic inoculations, the period 
of six days prescribed in the International Quarantine Eegulations 
was adopted as the period necessar}’- to confer protection in the case 
of anti-cholera vacciiie. A person inoculated with anti-cholera vaccine 
was deemed to be ‘ protected ’ after the sixth day of inoculation. 

(ii) In the case of villages which experienced more than one outbreak of 
cholera, the outbreaks were considered as separate and distinct if 
the interval between them was 30 days or more. This period was 
considered necessary in order to avoid any fallacies that might arise 
on account of missed or sub-clinical cases. Alternative classifications 
with intervals of two weeks and three weeks were tried 'in 163 villages 
in Villupuram range in South Arcot district. The results obtained 
from this classification did not show any material differences from 
those obtained by the classification which was finally adopted. 

(in) The duration of an epidemic in any given place is defined as the number 
of days, both inclusive, from the date of the first to the date of the 
last case which occurred during the outbreak. 

(iv) Population at risk : in a disease such as cholera, especially during a 
widespread epidemic, the risk of contracting the disease is not confined 
solely to case contacts or to residents in the immediate vicinity. 
The population at risk has to be judged on epidemiological consider- 
ations. Among the factors contributing to the spread of infection, 
the most important is drinlcing water supply. In the villages under 
survey, as in the other rural areas of the province, the principal sources 
' of drinking water are wells, rivers, canals, irrigation channels, tanlis 
and ponds, and these are used not only for drinking purposes but 
also for bathing and washing. The washing of infected clothing 
and other materials in or near such sources is not uncommon. The 
contamination of -the different sources is, therefore, only a question 
of degree. As regards other aspects of environmental sanitation 
influencing the spread of infection, only the larger villages with semi- 
urban characteristics have even a rudimentary organization for 
conservancy and scavenging, while there is a complete lack of such 
facilities in the smaller villages. Arrangements for institutional 
segregation of cholera cases do not exist in rural areas. The social 
custom of relatives and friends congregating at funerals and 
partaking of common meals thereafter is yet another import- 
ant factor. In these circumstances, to limit the boundaries 
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of an infected area to a house or street where cholera has 
occurred, or to the locality within a specified distance, would 
not only be to ignore epidemiological considerations^ but to 
introduce considerable complications as well. Accordingly, in 
the present smvey, if cases of cholera had occurred in the village 
proper as well as in the hamlets {vide infra for description) the census 
pop'ulation of the whole village was taken as the population at risk. 
If the cases were restricted to one or more hamlets only, the popula- 
tion of the hamlet was taken as the population at risk ; where the 
census figures of the population of individual hamlets were not 
available this was determined by rough enumeration. 


TvPE or CHOLERA VACCINE AND ITS ADSDNISTBATION. 

The serological type of F. clidlerce prevalent in different outbreaks in the several 
districts of the province has been under continuous study since 1936 by one of us 
(K. V. V.) at the King Institute. Guindy. As a result of the examination of nearly 
4,000 strains of F. cliolerw during this period, it has been found that, while in the 
earlier years there was a clear demarcation of areas of prevalence of Inaba and 
Ogawa t 3 'pes, in all outbreaks which have occurred since 1940 the Ogawa type 
has predominated throughout the province. However, in accordance with the 
standard prescribed for cholera vaccine in India (Taylor, 1941) both types of 
F. c/iofero! were included in the prophylactic vaccine prepared at the King Insti- 
tute, Guindy, which was used throughout the present investigation. 

The greater proportion of the inoculations were done by Sanitarj’ Inspectors 
trained in inoculation work ; onlj' a small proportion was performed by the staff 
of medical institutions or by private medical practitioners. 

The vaccine was almost invariably administered in a single dose as this alone 
is feasible in mass inoculation campaigns during epidemics. In the case of adults, 
the dosage was 1 c.c. of vaccine containing 8,000 million vibrios ; proportionately 
smaller doses were given to children. 


Collection and compilation of basic data. 

For a proper understanding of the methods of collection and compilation of 
the data and of the discussions on the inquiry, a brief description of the system 
of Public Health Administration witli special reference to notification, prevention 
and control of communicable diseases is given below. 

Tlie present investigation relates to rural areas onlv. Public Health Admin- 
istration in these areas is closely linked with the Pevenue Administration. The 
l\xecutiveHb.ad of the Government for Revenue Administration in each of the 
twenty-five districts in the province is the Collector, Every district is divided 
into smaller geographical units called taluks, there arc about 8 to 12 taluks in each 
district. The taluk revenue official is the Tahsildar. Each taluk comprises a 
number of villaps. ranging from .oO to 200 or more. Each \illage is composed 
of a mam central part and a nupiber of suburbs which in this province are designated 
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Tiie total number of villages and hamlets for which data have been compiled 
is 2,350, ^ The population of these villages was approximately 3‘3 millions of whom 
1T8 millions were inoculated. About 55,000 cases and 30,000 deaths from cholera 
were recorded in these villages during the epidemic. The data included in the 
study relate, however, only to the period after the commencement of inoculation. 
A summary of the basic data is given below ; — 


(a) i. 

Total number of villages and hamlets included 



in the survey 

2,350 

ii. 

Number of villages and hamlets which had 



two or more outbreaks in the epidemic 

627 

(6) i. 

Total population of the 2,350 villages included 



in the survey 

3 ‘30 millions. 

ii. 

Number of inoculations in above 

1-18 „ 


( 0 ) 



Pkotected. 

1 

Uninooulated, 

1 

Total. 


Population. 

Cholera 

cases. 

j Population. 

1 

1 

Cholena 

cases, 

j 

Population. 

Cholera 

cases. 

Whole experience 

709,077“^ 

1,118 

1 

j 2,119,508* 

34,336 

1 

2,829,545 

35,454 

1 

Second and subsequent 
outbreaks. 

281,484 

241 

j 541,808 

6,680 

823,292 

6,821 


* Weighted mean population. 


In a field survey of this magnitude, the scrutiny of the particulars of nearly 
35,500 cases in the village cholera registers among ri8 million entries in the 
inoculation registers of the Health Inspectors, and the transference of the 
relevant information to the posting cards, necessitated the maintenance of a very 
large staff. The work was subjected to check at every stage in order to ensure 
accuracy. As a further precaution, the basic data were subjected to the closest 
scrutiny by an independent observer, namely. Dr. Chandra Sekar, Professor of 
Statistics in the All-India Institute of Hygiene & Public Health, Calcutta, who 
found that such omissions and inaccuracies> as were detected were of a minor 
nature and inconsequential. 


Statistical analysis of the data. 

According to Greenwood and Yule" (1915) statistics relating to inoculated and 
uninoculated persons should satisfy the following requirements : — 

(a) The persons must he in material respects alike : they must not differ 
in age, sex, social or racial constitutions. 
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(b) Effective exposure to tlie disease must be identical in tbe case of tbe 

inoculated and uninoculated persons. 

(c) The criteria of the fact of inoculation and the fact of the disease having 

occurred must be independent. 

Although the populations in the villages covered by the survey -were composed 
of several castes and communities with varying standards of personal and environ- 
mental hygiene which are recognized factors of importance in the causation of 
cholera, there was no reluctance on the part of persons belonging to any particular 
caste or community to accept inoculation. Eurthex, there were no objections 
to inoculation on the score of age, sex or social status. There being no selectivity 
of any kind in the matter of inoculations, the first of the conditions may be 
considered as satisfied. 

As regards the second condition, only cases of cholera which occurred after 
the commencement of the inoculation campaign have been included in the present 
study. The effective exposure of the inoculated and uninoculated persons to risk 
of infection is therefore identical. 

The present inquiry was not initiated until late in tbe epidemic when the 
bulk of the inoculations had ahead}' been done and the cases of cholera included 
in the survey had occurred. There was, tlierefore, no bias in selecting any 
specified population groups for the study. Secondly, tlic inoculation registers 
were not available to the village Headmen who made preliminarj' inquiries 
as to whether the cases recorded in their cholera registers were inoculated 
or not inoculated ; the information which they gathered from the house- 
holders was subsequently checked by the Health Inspectors by inquiries as 
well as by comparison with the inoculation lists : a test check was also done 
by the District Health Officers : further, it is the oxpencaee of field workers 
that the occurrence of cholera among inoculated persons is given special 
prominence and suppression of information is very rare. In these cirenm- 
staiices, the tliird condition laid do\m by Greenwood and Yule (he. oil.) about 
the indopeudcnce of the fact of inoculation and the attack of cholera may be 
considered to have been satisfied. 


Wnirriir.n anti-ci!olkr.\ i.voci'mtio.v coxfkrs im.muxity. 

If aiifi-cholcra inoculation affords protection, the incidence of cholera in 
the protected population in a community exposed to the risk of infection should 
cither be nil or bo significantly lower tlian in the uninoculated persons in the 
community. For this e.vamination. two sots of data of the comparative inci- 
dence of cholera in the protected and uninoculated jjersons arc available 
namely {n)_ the cases, from the commencoment of inoculations to the end of 
the cjudomic. in all the 2,350 villaces included in the survev, and (b) the cases 
in the second and subsequent outbreaks in G27 villages wh'icb e-vrierienced more 
tlian one outbreak. 


As regards the former, it i.s necc«an- to point out that, in the great maioritv 
of villages, all inoculations were not done on a single day but were .spread out over 
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a nmnber of days. The proportion of the ‘ protected ’ to the uninoculated persons 
varied, therefore, from day to day and the period of exposure of these two groups 
to risk of infection in the course of the epidemic was changing. In order to make 
allowance for this, the weighted means of the protected and uninoculated persons 
were taken as the populations at risk in each group, the weights used being the 
days of exposure to infection. The aggregate weighted mean ‘ protected popula- 
tion was 709,977 and the weighted mean uninoculated population was 2,119,568. 
For assessing the prophylactic value of anti-cholera inoculation, the experience 
of the inoculated persons within the first six days after inoculation has been excluded 
in order to avoid the fallacies that might otherwise arise as a result of partial 
immunit5^ 

As regards the cases in the second and later outbreaks, the experience is 
restricted to persons who had been inoculated in eonnection with the first outbreak. 
As defined above, a minimum interval of 30 days must have elapsed before consider- 
ing a second or subsequent outbreak of cholera as separate and distinct from the 
preceding one : this ensures the establishment of substantial immunit}'^ among 
the inoculated persons when exposed to risk of infection in the second and later 
outbreaks. These inoculations are virtually tantamount to anticipatory inocula- 
tions in a planned investigation and the conclusions drawn from these data should 
be more sensitive than those in the previous case. 

The data relating to the experience from the commencement of the inoculations 
to the end of the epidemic and in the second and subsequent outbreaks are analysed 
ill Table I : — 

'Table I. 


Incidence of cholera in inoculated and nninocidated pojndations. 


r 

1 UnJJTOCULATED POrUI/ATION 

AT BISK. 

Pbotected population 

AT BISK. 

Ratio of 


! 

Total. 

1 

Cases of 
cliolcra, 

j 

Kate per 
1,000. 

Total. 

1 

Cases of 
cliolera. 

Rate per 
1,000. 

Col. 7 
to 

Col. 4. 

1 

o 

3 

i 

1 ^ 

5 

i C 

1 

7 

8 

Whole epidemic 
period. 

2,11<J,.'5GS 

34,330 

1 

1 i0*20 

j 

i 

i 

700,777 

1 

1 

1,118 

i-r>7 

1 : 10-3 

Second .and snb- 
sequent out- 

brc.aks. 

5il,S0S 

6,5S0 

12-14 

281,484 

1 

1 

1 

241 

0-86 

1 : 14-1 

7 


ft will be seen from column 8 of.Tablc I that the incidence of cholera i” 
uninoculated group is 10 to 14 times greater than in the protected group. The 
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statistical significance of the figures in Table I is examined belo-iv by the x‘- 
(Chi-square) test [vide Table II (a) and {^>)1 : — 

Tablk II. 


(a) IV/iolc experience. 


Population at risk. j 

1 

Not attacked. ' 

1 ^ 
Attacked. 

1 

Total. 1 

X- 

P 

Protected ... ... 

Uninoculated 

1 

TOS.S.SO ! 
2,08n,232 

1 

1 l,us 1 

31,336 j 

1 

709,977 

2,119,568 

j 

1 9,135-09 

i 

<0-0010 

Total ... ... j 

2,794,091 

1 

33,454 1 

1 

2,829,545 




(b) Experience in second and later outbreaks. 


! 

Population at risk. j 

Not attacked. 

Attacked. 

Total. ^ 



X- 

1 

P 

Protected 

Uninocnlntcd 

i 

281,243 

535,228 

241 

6,580 

281,484 

541,808 

1 

j 1 2,875-05 

<0-0016 * 

Total 

j 816,471 

0,821 

! 

823,292 

j 

1 ,,, 

I 

... 


TIic X' and the corresponding P values are significant in both sets of date 
[Table 11 (a) and (f>)] and confirm the findings arrived at from the figures in 
Table I that inoculation affords stibstantial protection against cholera. 

Tlic differences in the cholera incidence latcs in the protected and uninocidated 
groups arc not due to anj' peculiarities in the age and sex distributions of the cases 
of cholera. This will be evident from the data relating to ICO villages clicscn at 
random according to Tippets Random Numbers (Table III) : — 

Tablc III. 


Age and sex distribution of cholera cases in 100 I'illagcs selected at random. 



Xl-.MUKK or A-ITACKs. ! 

Peiiokvtace 

TO TOTAL ' 

PEr.CE.NTACE OF 

roruL-i- 





IN THE AflE 

rEKlOI). 

t 

TIOSS TO totals. 


Male. 

Peniale. 

1 

1 

Total. 

Male. I'oinnle 

. Total. I 

Male. 

1 

Female. 

i 

' Total. 

Unili-r 5 \eir.s 

121 

IOC. ] 

227 

11-5 9-6 

lo-c 

14-2 

14-0 

14-1 

Under .5-1 1 \ e.ira 

2.57 

276 

51.5 

22-0 25-1 

23-9 

24 -.8 

:23'7 


ir»\tMr'<nnd above 

691 

718 1 

! 1.409 

05-9 0.5-3 

f,.5-.5‘ 

61-0 

01-7 

61-4 

Toni. ... 

1.0! 9 

1.1 06 

2.U9 

loo . mo 

100 

KKl 

IfXI 

1<KI 
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It u'ill be seen from Table III that the age and sex distribution of cholera does 
not inateriallj differ from the age and sex proportions of the population. 


Immunity and risk op mortality from cholera. 

Statistics of deaths from cholera after the commencement of inoculation are 
available for South Arcot district only. This district has contributed 554 cases 
of cholera in 392,115 protected persons in 1,283 villages out of the total of 1,118 
cases in 709,977 protected persons in 2,350 villages in the present investigation. 
The statistics of this district are, therefore, a sufficiently large and representative 
sample of the total exjierience. This is Supported by the fact that the ratio of the 
incidence of cholera in the jirotected to the incidence in the unprotected population 
was 1 : 11'4 as compared with 1 : 10‘3 for all the villages in the survey. 

- There were 1,124 deaths in 2,439 cases of cholera which occurred in the inocula- 
ted persons after the first day of inoculations and 8,956 deaths out of 14,015 in the 
unprotected population. The case fatality rates in these two groups were 46‘08 
and 63 '90 respectively corresponding to a ratio of 1 : ‘1’39. The case fatality 
rates in the inoculated do not seem to be affected to any material extent by the 
quantum of immunity in the successive days after inoculation. This may be seen 
from Table IV : — 

Table IV. 


Case fatality rates in cholera on successive days 
following inoculation. 


Day after inoculation. 

Number 
of cases. 

Number 
of deaths. 

Case 

fatality 

rate. 

1st day ... 

402 

188 

46-8 

2nd day ... 

414 

208 

50-2 

.3rd day ... 

406 

197 

48*6 

4th day ... 

298 

125 

42-0 

5th day ... 

224 

111 

49-6 

6th day ... 

141 

66 

46-8 

7th day ... 

90 

41 

45-1 

8th day ... 

62 

25 

40-3 

9th day ... 

38 

20 

52-6 

lOth day ... 

30 

9 

30-0 

nth day and above 

334 

134 

40T 

Total 

2,439 

1,124 

46-08 
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These figures show that while the protected are about 11 times less liable to 
contract cholera, their chances of recover^’ when thej get the disease are only about 
25 per cent more than the uninoculated. 

It is a recognized phenomenon in immunity that adequate levels of anti- 
bacterial and anti-endotoxic response are obtained only after repeated stimuli with 
a suitably potent antigen. It may be recalled that, in the present study, the 
vaccine was administered in a single dose in the greater proportion of instances. 
Probably, the immunity induced by a single dose of the vaccine, while adequate 
in the greater majority of cases to arrest the onset of srmiptoms, breaks down 
in the presence of massive infection, and, in such instances, the inoculated 
individual is only at a slightly better advantage regarding recovery than an 
uninoculated individual getting the disease. Further investigation is necessary 
to throw light orr this question.’ 


Development of immunity. 

The time taken for the development of immunity may be determined from 
the comparative incidence of cholera in an inoculated population at risk on the 
days following the inoculation. Particulars of the cases of cholera occurring from 
the first day after inoculation in 1,181,724 inoculated persons in the 2,350 villages 
in the survey and their statistical significance are given in Table V : — 


Table V. 


Incidence of cholera on successive days folloioiny inoculation . 


Intorvnl in days 
after inoculation. 

Inoculated 
population 
at risk. 

Number of 
attacks in 
inoculated. 

Bate per 
10,000. 

1 

P 

Bemauks. 

Ibl day 

1,181,354 

844 

7-14 

1-47 

0-23 


2nd day 

1,180,510 

SOI 

7*57 



Not !-mnificnnt. 





5-62 

0-02 


3ril day 

4 til day 

1,170,1510 

700 

G'75 

21-01 

<0-0ni(i 

1 


1,178,820 

1,178,107 

(523 

5-28 

20-10 


.'itli day 

<0-001(5 

474 

4-02 

37-07 


dtli <lay 


<0-001(5 

1,177,723 

1,177,110 

.304 

2-58 

1!)-C0 

.Signitic.ant. 

7lh day 

<0-001(5 

204 

1-73 



Sth day 

1,177,21.5 

125 

1-05 

18-07 

<0-0(']f. 


‘.dll day 

1,177.000 

(54 

0-54 

lO-G!) 

<0-0010 


Idtli day 

1,177,020 

1 

0(5 

O*0t» 

0-03 

0-80 

Not (-'innificant. 
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With reference to the data presented in Table V, it may be argued that in 
epidemics of cholera, which are generally of short duration, the progressive decrease 
noticed in the incidence rates from the fourth day after inoculation onwards may 
not be due to the immunity conferred by inoculation but to the natural decline 
of the epidemic. It was decided, therefore, to analyse the figures relating only 
to those persons who were inoculated within the first 24 hours after the health staff 
arrived in the affected villages for the first time following notification of the occur- 
rence of cholera. The figures for persons inoculated at this time as compared 
with the uninoculated population are anaWsed in Table VI. As the Health Staff 
visited villages for inoculation purposes only after they had received intimation 
of the occurrence of cholera, it is obvious that a proportion of those inoculated 
had already been exposed to the risk of infection during the early phases of the 
epidemic. 

Table VI. 


Incidence of cholera in 2}ersons inoculated during the early phases of epidemic. 



Inoculated. 

Uninoculated. 

1 


1 

Interval 

after 

inoculation. 

Population at 
risk. 

Attacks. 

Rate per 
10,000. 

Population at 
risk. 

Attacks. 

Rate per 
10,000. 

1 

P 

1 

1 

Remarks. 

1st day 

412,255 

438 

10'G3 

1,638,212 1 

1 

1,842 

11-24 




2nd day 

411,817 

471 

11-43 

1,636,370 1 

1,710 

10-45 

* 1-14 

0-29 


3rd day 

411,346 

435 

10-59 

1,634,660 

1,738 

10-63 

3-02 

0-08 

Not significant. 

4th day 

410,911 

328 

7-98 

1,632,922 

1,614 

0-88 

0-01 

0-92 


5th day 

j 410,583 

250 

6-08 

1,631,308 1 

I 

1,445 

8-86 

12-49 

1 

<0-0016 

> 

6th day 

1 

410,333 

156 

3-80 

1,629,863 

1,342 , 

8-23 

' 30-30 

0-0016 

'• Significant. 

1 

7th day, 

1 

1 410,177 

127 

3-10 

1,628,521 j 

1,354 

8-31 

87-78 

0-0016 



It will, be seen from Table VI that the decrease in the incidence of cholera 
in the inoculated group from the fourth day after inoculation onwards was 
much greater than the decrease in incidence in the corresponding group- of 
uninoculated persons. The Graph clearly shows that the decreased incidence 
of cholera in the inoculated group Avas quite independent of the general trend 
of the epidemic. 



Obsketed 
X ot iiiooukted. 


Tnociila-ted. 


Interval after inoculation. 

Gn^rn. — ^Trond of cliolcra incHknce in inoculalud nnd uninoculatwl <rroup'^. 


Days after iiioeiil itioii. 


OnsEuvEn, inTF. rr.u lO.ODO. FrrTi;i). iute rnn lO.OfKt. 
rtimoculated, Inocuhted. j rniiioetilateii. Inociil.ited, 
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A clearer picture of the figures in Tables V and VI is obtained by taking 
100 as the index numljer of cases on the first day after inoculation and comparing 
with it the number of cases on the succeeding days (vide Table VII) : — 

Table VII. 


Index of cholera incidence on successive dags foUoioing 

inoculation. 


Interval after 

Inoculated. 


inoculation. 

Whole population. 

First day onl}'. 

Uninooulated. 

1 

2 

3 

4 

1st daj' 

100 

100 

100 

2nd day 

100-2 

107-7 

93-0 

3rd day 

94-5 

1 

99-0 

94-0 

4th day 

73-0 

73-3 

87-9 

6th daj' 

. 50-0 

67-3 

78-8 

Cth day 

3G-1 

35-9 

73-2 

'7Lh day 

24-2 

29-2 

73-9 

Sth da}' 

14-8 

Not calculated. 

Not calculated. 

9 th day 

7-5 

... 


lOth day 

7-0 1 

... 



- 




Although figures in column 3 of Table VII were available only for seven days 
following inoculation, it may be inferred from close similarity to the corresponding 
in’dex numbers in column 2 that there would have been a corresponding similarity 
in the figures relating to 8th, 9th and 10th days had figures for these days been 
available. 

Attempts were made to ascertain whether immunity increased still further 
after the tenth day of inoculation. Data relating to cholera cases were available 
for inoculated persons only. Commencing from the 4th day after inoculation 
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when immunity first manifests itself, the cholera incidence by M-eeks in all of the 
1-18 million inoculated persons is given m Table VIII 


Table VIII. 


Cholera incidence hy ^oee^ls from fourth day after inoculation onwards. 



Inoculated 


! 

1 

! 




Period after 
inoculation. 

population 
at the 
beginning 
of the week. 

Cases of 
cholera. 

Rato per 1 
10,000, ) 

X- 

P 

1 1 

Remarks. 

4th-10tli- day 

1 1, ns, 820 

1 I 

1,854 

15-73 i 

j 1 

GS9-0G 

<0-0010 


llth'17th day 

1,17G,9GG 

172 

1*40 

i 1 

31-89 

<0-0010 ' 

• .Significant. 

lSth-24th day 

1,170,794 

82 

0-70 1 

14-40 

<0-0010 1 . 


25th-31st day 

1,170,712 

40 

0-34 ' 

0-73 

O'JID ' Not siguiticant. 

32nd-38th day 

1,V7G,G72 

48 

0-41 

1 




Total oases ... 

1 1 

2,190 j 

... 


The nuinlmr of cholera cases which occurred after 38th day was negligible 
and these have been omitted from Table VIII. 


The following conclusions may be drawn from the data summarized in 
Tables V to "^nil inclusive :• — 

(o) Cholera vaccine confers little or no protection in the first three days 
immediately following inoculation. 

(b) The protection afforded by inoculation is first manifested on the fourth 
day and becomes more pronounced on tb.e succeeding days. The 
reduction in cholera cases is most marked between the 5th and Gth 
days and the 8th and 9th days and the 24th to 31st days after inocula- 
tion. For practical purposes, it may be inferred that after the 8th 
(lay of inoculation, a very high degree of protection against clmlera 
is conferred. 


I)UR.\TIOK or IMMUNITY CONrEKREU BY AXTI-CHOLERA IXOCUL.VTIOX. 

.Vs has boon stated above inoculation of appreciable numbers of persons in a 
community is generally feasible only during the actual prevalence of cliolera 
rsiially. an outbreak of cholera in a village dees not last for more than a few weeks 
the mean duration in the present epidemic being 19 davs. The interval between 
the mocul.at ions and the termin.ation of the outbreak is. therefore, too .=hoit to .sfndv 
tlm duration of immunity. Fortunately our records provided data lelatira t'o 
villages in which more than one outbreak of cholera recurred at inteivab lairning 
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A still clearer picture of the figures in Tables V and VI is obtained by taking 
100 as the index number of cases on the first day after inoculation and comparing 
with it the number of cases on the succeeding days {vide Table YII) ; — 

Table VII. 


Index of cholera incidence on successive days follotving 

inoculation. 


Interval after 

Inooolated. 


inoculation. 

Whole population. 

First day only. 

Uninoculated. 

1 

2 

3 

I 

4 

1st day 

100 

1 

1 

1 100 

100 

2nd day 

lOG-2 

107-7 

03-0 

3rd day 

94-5 

1 99-0 

i 

94-G 

4th day 

73-9 

73-3 

87-9 

5th day 

5G-0 

57-3 

1 

' 78-8 

1 

Gth day 

1 

3G*1 j 

35-9 

73-2 

7 th day 

24-2 

29-2 

73-9 

8th day 

14-8 

i 

I Not calculated. 

Not calculated. 

9 th day 

7-5 



10th day 

7-0 

• 1 




Although figures in column 3 of Table VII were available only for seven days 
following inoculation, it may be inferred from close similarity to the corresponding 
in'dex numbers in column 2 that there would have been a corresponding siniilari } 
in the figures relating to 8th, 9th and 10th days had figures for these days been 
available. 

Attempts were made to ascertain whether immunity increased still farther 
after the tenth day of inoculation. Data relating to cholera cases were availab e 
for inoculated persons only. Commencing from the 4th day after mocuJation 
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outbreak and 627 had multiple outbreaks. These have been classified in Table X 
according to the proportions of the persons inoculated in the communitv : — 


Table X. 

Relaiionship between the occurrence of repeated outbreaks of 
cholera and the percentage of persons inoculated. 


Percentage of 
population inocu- 
lated before the 
second outbreak. 

Number of 
villages 
with one j 
outbreak. 

Number of 
villages 
with two 
or more 
out breaks. 

1 

Total. 

Percentage of 
total villages 
having two or 
more outbreaks 
of cholera. 

Under 10 

93 

SG 

179 

48-0 

10-30 

309 

223 1 

592 

37-7 

30-o0 

442 ' 

183 ' 

025 

29-3 

50-70 

444 

94 

D3S 

' 17*5 

70 and more 

375 

1 

41 1 

410 

9-9 

Total 

' 1 

1,723 

' 1 

027 ' 

1 

2,350 
1 

... 


It n-ill be seen from Table X that, if less than ten per cent of the population 
is inoculated, the chances for the occurrence of single or multiple outbreaks arc 
almost equal. The chances of the occurrence of multiple outbreaks decrease 
progressively as the proportion of persons inoculated in the first outbreak increases. 
The classification of the villages has been made M'ithout reference to the sizes of 
the populations in the several groups ; it may be that, in some groujjs. a larger 
munber of villages with small populations in whom mass inoculation could be done 
with comparative ease have been included. From the general trend of the figures, 
however, it would seem reasonable to infer that the reduction in the number of 
villages c.vpericncing multiple outbreaks when an increasing juoportion of the 
population is inoculated at the first outbreak is the result of herd immunity. It 
would appear that, for administrative purposes, inoculation of ar least 50 per 
cent of the population at risk uould inarkedlv reduce the chances of second 
outbreaks. 


Discussion. 

.4 statistical evaluation of anti-cholera inoculation as a personal prophvlactic 
against cliolora has been given and certain conclusions have been draini as to its 
otlicacy ill the jirevcntion and control of cholera epidemics. The authors are fullv 
aware that a field study of this magnitude in rural arcac in India i.® .subject to 
I’crtani liiiiitations. In the fir.st place, the investigation was not jilanned n.s an 
exjieniiient on the pre-inoculation of a community before the occurrence of an 
cxjH'ctod epidemic. Data virtually equivalent to such a planned pre-inoculation 
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experiment were, however, obtained from t]ie present investigation as, in the 
villages which had two or more outbreaks of cholera, the inoculations done in the 
first outbreak ser^md as anticipatory inoculations with respect to the second and 
subsequent outbreaks. Secondly, the reporting agency being comprised chiefly 
of non-medical personnel, the diagno.sis of the. cases that were notified as cholera 
was necessarily based on clinical manifestations without confirmation by bacterio- 
logical examination in all cases. Village Headmen being generally conversant 
with the symptoms of cholera whicli is of periodical occurrence, the diagnosis can 
generally be relied on as correct : such errors of omission and commission as must 
inevitably have occurred are unlikely to be of importance by reason of the large 
number of cases in the survej’-, and it is extremely improbable that the significance 
of the results obtained were materially altered on this account. Thirdly, in order 
to eliminate inaccuracies in the conduct of the field surveys, in the scrutiny of the 
records, and in the preparation of the cards by the very large field staff employed, 
all reasonable precautions by checks and test checks were adopted : as a further 
safeguard, an independent observer was deputed to check the accuracy of the basic 
data and he found that such errors as were detected were of a minor nature and 
inconsequential. 

The present study gives an overall pictm'e of the benefits of anti-cholera 
inoculation in a cross section of the general pojjulation in rural areas affected by 
cholera. The conditions prevailing in rural areas as regards water-supplies and 
environmental and personal hygiene of the inhabitants are such that practically 
every individual in .a given community may be regarded as being at rislr, although 
the degree of risk would undoubtedly be greater in some individuals than in others. 
When this is kept in mind the great difficulty of selecting groups or communities 
who could be regarded as being at equal risk will be appreciated. The village or 
hamlet was adopted as the imit of population for the main statistical investigation. 
At a later date a re-assessment of the results of this study was made using a snialler 
unit of population in whom living conditions were considered to be the most uniform 
that could be obtained. For this purpose the cheri (the area inhabited by the 
depressed classes in a village) was selected as the imit. The results of a special 
study of the data relating to 63 cheris in South Arcot district are given in the 
following paper by Chandra Sekar (1947, this issue pp. 153-176). The degree of 
protection afforded by anti-cholera inoculation on the basis of Dr. Chandra Sekar’s 
analysis, though of statistical significance, was ajjpreciably lower than that obtained 
by OUT analysis. It must, however, be pointed out that, though the chert popula- 
tion may possess more uniform characters, it must be regarded as an 
adversely selected population by reason of the extremel}’- low standards of personal 
and environmental hygiene prevailing in the cheri. As even under these exacting 
conditions of test statistically significant results have been obtained, the eflicacy 
of anti-cholera inoculation may be regarded as established beyond doubt. 

Summary and conclusion. 

1. Some 12’48 million persons were inoculated during a widespread and severe 
epidemic of cholera in the Madras Province in 1942-43. 

2. An investigation was carried out on the experience of 1 '18 million inoculated 
persons in 2,350 villages in 11 districts to assess the value of cholera vaccine as 
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a personal prophylactic and as a measure of prevention and control oh cholera 
epidemics. 

3. The vaccine used contained both Inaha and Ogawa sub'types of V. cJidlerw 
and was administered in a single dose. 

dr. There were 1,118 cases of cholera amongst 709,977 protected persons in 
the inoculated population and 31,336 cases of cholera in 2,119.568 uninoculated 
persons. The case incidence rates in these two groups of population were T57 
and 16-20 respectively per 1,000 representing a ratio of 1 : 10-3. 

5. Two or more outbreaks of cholera occurred in 627 out of 2,350 villages 
in the 8 urve 5 ^ In these villages, the uninoculated population in the second and 
later outbreaks was 541,808 and the 'protected’ population was 281,484 all of 
whom had been inoculated during the first outbreak. In the second and subsequent 
outbreaks 6,580 cases of cholera occurred in the uninoculated group and 241 in 
the ‘ protected ’ group. The incidence rates per 1,000 of the respective population 
groups were 12-14 and 0-86, that is, the incidence in the uninoculated was 14-2 
times greater than in the protected group. 

6. The results, summarized in paras 4 and 5 above, appear to provide proof 
that inoculation afiords a definite degree of protection against an attack of cholera. 

7. In South Arcot district which contributed over 50 per cent of the statistical 
material in the present inquiry, there were 2,439 cases and 1,124 deaths in the 
inoculated group, and 14,016 cases and 8,956 in the uninoculated group. The case 
fatality rates in the two groups are 46-08 and 63 '90 per cent respectively; the 
proportion being 1 : T39. There is no significant difference in the fatality rates 
among the cases occurring in the successive days after inoculations, 

8. According to the International Sanitarj' Convention, anti-cholera inocula- 
tion confers effective immunitj' six days after the date of inoculation. Judged 
by tlie incidence of cholera in the inoculated persons in the present investigation, 
immunity first manifests itself on the fourth day after inoculation and reaches 
an effective level after the eighth day. 

9. Evidence is presented that the immunity conferred by anti-cholera 
inoculation lasts for a minimum period of six months and probably remains effective 
iqr to 12 months. 

10. Herd immunity seems to play an important part in preventing multiple 
outbreaks in a locality during an epidemic. If, during the first outbreak. 50 per 
cent or more of the ])opulation at risk is inoculated, the chances of subsequent 
outbreaks arc greatly reduced. 


Tlie authors arc grateful to the Government of Madras and to the Indian 
Research Fund Association for financial aid in conducting this inquirv*. Their 
thanks arc due to the Health Officers and the subordinate staffs of the eleven 
districts who co-operated in the investigation and to Mr. V. K. Parthasarathv 
Rtafistical Assistant in the (flue of the riiectcr of Public Health, for the fompiral 
tion, tabulation and analysis of the data: in this tonneclion. special rtfcicncc is 
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made to Dr. E. V. Meenaksliisundaram for ]iis indefatigable labour and enthusiasm 
in the furtherance of the investigation. Tliey are also thankful to Colonel E. 
Cotter, C.I.E., v.n.s., i.M.s., Public Health Commissioner vith the Government 
of India, and Lieut.-Colonel H. W. Mulligan, i.M.s., Director, Central Eesearch 
Institute, Kasauli, for valuable suggestions during the preparation of this paper, 
to Dr. C. Chandra Sekar for his constructive criticisms on the statistical analysis 
of the data and to Dr. K. V. Krishnan, Professor of Microbiolog)'- at the All-India 
Institute of Hygiene & Public Health, Calcutta, for helpful suggestions. 
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In the preceding paper by Adisesban, Pandit and VenJeatraman (1947, tin’s issue 
pp. 131-152) the value of anti-cholera inoculation as a personal prophylactic against 
cholera and its efficacy in the jirevcntion and control of cholera epidemics have 
been discussed. The conclusions arrived at are based on an analysis of the field 
data using a village or hamlet as the unit to define the ‘ population at risk One 
imjiortant consideration in the statistical assessinejit of the efficacy of inoculation 
is that the pojnilation at ri.sk should, as far as po.ssible. be so chosen that it would 
be reasonable to consider every individual in it as being exposed to the saiue amount 
of risk. In South Indian villages, cliaractcristic difTcrences arc found in the environ- 
mental and socio-economic conditions in nhicli diilerent groups of the population 
live. How far such difTercnccs would introduce variations in the risk run bv the 
dilTercnt groups and thus affect the use of a village or hamlet as the unit to define 
the ‘ ]iopulation at ri.sk ’ was a matter of interest. It was. therefore, suggested 
that the data originally collected might be submitted to a fresh analysis usiim a 
unit smaller in area than a village or liamlet. 

The chcri was chosen as the new linit. It is usually a compact block inhabited 
by the ‘ depressed clas.scs ' among the village pojmlation. Socially the ii)habifnnf.= 
of a chcri form a homogeneous group. As they live close together, oflcn use the 
same source of water-supply and cxliibit great similarity in re.=pcct of food and 
other habits, it woidd seem reasonable to assume that. 'when cholera breaks out 
in a chcri. the entire population of it would be cfjuallv e.xposed to the risk of 
infection. For purposes of .ctati.-^tical analyst, therefore.’ the cla i was considered 
to be a suitable unit to define the pojmlation at ri.sk. An advantage in usiii" 

( 153 ) 
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this unit was the comparative ease with which information relating to the cheri 
population could be extracted from tlie village cholera records and inoculation 
lists. 


Figures for the population of the different cheri s at the time of the 1942-43 
cholera epidemic were not readily available and had to be re-constructed by house- 
to-house visits and b)^ making allowance for such changes in the population as 
had occurred after the subsidence of the epidemic. Because of the extent of field 
work involved, it was not possible to extend the inquiry to all the cJieris included 
in the original investigation. Attention was confined to one district. South Arcot, 
which had provided more than half the data for the main investigation. Even 
in South Arcot, only those clieris which had experienced two or more outbreaks 
during the 1942-43 cholera epidemic were investigated in the present inquiry, as 
the purpose in view was to determine the effect of inoculation on the incidence 
of the disease in a fully immunized population. From the report of the 
main inquiry it will be seen that a second outbreak has been defined as one 
which took place at least 30 da 3 ’^s after the first, so that those who were 
inoculated during the first outbreak would have attained full protection before 
exjDosure to infection at the second and subsequent outbreaks. In view of 
these limitations the number of cheris included in the present study was 
reduced to 63. The data relating to these cheris are discussed in this paper 
from the point of view of the effect of inoculation on the attack and case-fatality 
rates of cholera. 

The definitions adopted in the main investigation have been followed 
in this paper. 


Assessment of the value op anti-cholera inoculation 

IN PREVENTING DISEASE. 

Sixty out of the sixty -three cheris included in this investigation suffered only 
two outbreaks of cholera during the 1942-43 epidemic. For these cheris, the number 
of cholera cases in the second outbreak and the population at risk have been 
presented in Table I under the three headings : (A) uninoculated, (B) inoculated 
within 6 days prior to the second outbreak and during the second outbreak, and 
(C) inoculated during the first outbreak or more than 6 days prior to the second 
outbreak (anticipatory inoculation). The jiopulation figures for group A were 
obtained by deducting from the population at risk the numbers included in gi'oups 
B and C. In the remaining three cheris, the second outbreak was followed by 
another after an interval of 30 days. For these cheris the data for the last two 
outbreaks were dealt with separately and the figiues for each outbreak have also 
been shown in Table I under the three groups A, B and C. For the last outbreak 
the inoculations conducted in the first and second outbreaks provided the figure 
for the population in group C. 

The population inoculated within six days prior to the second outbreak or 
during the second outbreak gave rise to some difficulties in analysis as, for a part 
of the second outbreak, it was ‘ protected ’ and for the rest ‘ unprotected '. Hence 
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Table I. 

Showing the number of attacks a7id deaths from cholera during the second 
outbreak and the population exposed to risk classified into ‘ inoculated ’ 
and ‘ not inoculated ’ in each of the 63 cheris. 


Attacks. 


Name of village. 


A*. IBt. CJ. 


Peatbs. 


A. 


B. 


1 

1 Vcllapakkam 

2 j Gotten 

3 I Patharikuppam 

4 j Alagianatham . 

5 , Maedaiyur 

I 

G 1 Solakkur 

7 j Lalpuram 

8 ! Nanjalur 
0 Thillainajagapiirain| 

10 Poolamedn 

11 C. Vnkkar.inian. 

12 Kilcbavadi 

13 K»'erai)a!nyam . 

14 Vittnlnpurnm 
43 Peovannr 

10 llramado^am 
17 Muimnr 

15 Kapoor 
10 PnuamivU 

20 Anangur 

21 Mameithapuram 

22 Uoddikuppim ^ 


1 

4 

5 

1 ! 

^ 1 

1 1 

0 

I ' 
1 ' 
0 
I 

13 

1 

0 

\ 


3 

I 

3 

1 

3 

5 

10 


a A, 


- (- 


I .. 


2 


' 518 
220 j 
' 200 1 
235 
170 

■13 ! 

1 

: 123 j 

, - i 

200 I 
i7e 
05 1 
ICO 
07 
237 
179 
r.S7 
725 
CSl 
101 
OS 
155 
SO 


IG 


81 


81 


122 


251 


t risk. 

PoPtn-iTio* 
AT RISK 
(adjusted). 

Attack rate 
PER 1,000. 

c. 

Uninoculatcd, 

1 

t 

.l§ 

.2 23 
a 

^ o 
»a o 
** a 

1 

^ ! 

o 

75 

3 

a 

■s 1 

1 

Inoculated. 1 

us 

548 

148 

5-5 j 

13-5 

71 

220 

71 

22 ‘7 

14-1 

24 

200 

24 

5-0 : 

00-0 

IGO 

235 

ICO 

17-0 ' 

0-2 

115 

179 

115 

27-9 

1 

8-7 

30 

43 

' 30 

23-3 

0-0 

39 

132 

’ 38 

30-3 

00 

2G 

81 

' 26 

12-3 

00 

109 

200 

' 150 

30-0 

37-7 

SS 

170 

ss 


00-0 

144 

OS 

144 

42-1 i 00-0 

35 

229 

31 

2G-2 

OO'O 

1 

j Discarded 

Discarded 

01 

275 

51 

‘17*3 

190 

110 

170 

' 140 

5‘G 

7-1 

25 

G59 

11 

13*7 

0-0 

90 

725 

90 

5*5 

11-1 

, 1C 

925 

15 

o.*> 

0-0 

! 3S9 

1 

1 101 

389 

1 0-0 

20 

, 420 

j 

OS 

429 

, 10*2 

J 

0-0 

^ 3U 

' 155 

311 

1 C'o 

3-2 

‘ 01 

1 

SO 

01 

I n-c 

IOC 


A— I'nintvuKU'd, 

1 I_i— liuviiliUvl viOiin C Ui ontOn '.k a:s.l dura’- the 

il '— "‘".1 .•\nl!c':[nl('n taacabtioa. i-c. iRo:ab:c-i darin; 

10 fivoiid ouiknok, ^ 


tha o-llOi-cik or con; than 0 prjo: 
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Table I — contd. 
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PER 
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g-s 
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A*. 

Ut. 

ct 

A. 

B. 

C. 

A. 

B. 

1 c. 

( 


.2 23 

■** e5 


'd 

o 

o 











g 

§ 

o 





1 








.s 

^ o 

•*-» CS 

.s 

s 

u 

> 










1 

13 

1 

13 

1 C 

1 ^ 

23 

1, 

Chittalampattu . . 

8 


1 .. 

4 



67 

! 25 

227 

85 

I 225 

94-1 

0-0 

24 

V. Agaram 

35 

4 

I ^ 

20 

o 


319 

121 

327 

374 

312 

93-6 

12-8 

25 

Kiltayanur 

5 



4 


•• 

273 

•• 

140 

273 

146 

18-3 

0-0 

26 

Doviagaram 

4 

i" 

1 

3 

•• 1 1 

252 

127 

295 

294 

274 

13-6 

3-6 

27 

Kangianur 

7 



0 

I 

1 

20 

152 

174 

82 

161 

85-4 

0-0 

28 

Mananpoondi . . 

1 

• 

•• 

•• 

.. 1 .. 

127 


101 

127 

101 

7-9 

0-0 

20 

Edaiyur 

10 

•• 

•• 

3 

.. .. 

200 

188 

30 

316 

14 

31-6 

0-0 

30 

Tiruvaraur (A) . . 

•• 

•• 

1 

•• 

■■ 1 

1 

202 

•• 

80 

202 

80 

00-0 

12-5 

31 

Tiruvnmm' (B) . . 

4 



3 



Cl 

.. 

19 

01 

1 

65-0 

0-0 

32 

Pulavanur (A) . . 

5 



5 



354 

1 

•• 1 

33 

354 

33 

14-1 

0-0 

33 

Pulavanur (B) . . 

2 



2 

.. 1 

1 

•• 

44 

’ i 

2 

Discarded 

Discarded 

34 

Kuditliangi 

3 



1 

.. ; .. 

770 

1 

) 

236 

779 

236 

3-9 

0-0 

35 

E'/.umadu 

1 



1 

1 

375 

! 

■■ 1 

200 

275 

200 

3-6 

00 

30 ' 

Elandampattu (A) 

1 


1 


..1 1 

97 

1 

•• i 

157 

97 

157 

10-3 

6-4 

37 

Elandampattu (15) 

14 


1 

10 

..1 1 

02 

.. 1 

( 

33 

92 

33 

152-2 

30-3 

38 

Chittarasur 

9 


1 

0 

1 1 

155 

131 1 

209 

250 

203 

35-2 

4-9 

3!) 

Ulundiampatti . . 



1 

-- 

1 1 

1 

GO 

j 

80 

66 

80 

00-0 

12-5 

40 

Pulichapallam . . j 

3 



1 

,. 1 .. 

487 

j 

159 j 

225 

.507 

215 

5-0 

0-0 , 

41 

C. Arasur 

3 


. . 1 

) 

3 


124 

.. j 

80 

124 

80 

24-2 

0-0 

42 

1 

Venniyur 

1 


1 

• • i 

1 

. . [ . . 

93 

1 

1 

GO 

03 

60 

10-8 

0-0 

43 

TE. Madapuram ‘ 

1 


•• i 

1 


88 

j 

112 i 

1 

88 

112 

11-4 

0-0 

44 

TE. Manaliir 

10 


9 1 

t 

7 

.. ' 8 

122 

31 1 201 1 

141 

194 

70-9 

40-4 

‘15 

1 

Vilagam . . | 

1 



1 


2.51 

.. 1 129 * 

251 

129 

4-0 

0-0 

1 

•10 ' 

1 

Sri Ncdimjcri 

1 



1 


207 

197 : 

54 1 

245 

IG 

1 

4-1 

0-0 

47 

Nagarapadi 

I 

I 


.. 1 

1 

1 

179 

100 . 

179 

100 ' 

1 

5-0 

0-0 


A — Oninoculatrd. 

. t — Inocidatcd uithin 0 davs prior to second outbreak and during the second outbreak. 

I C — With anticipatory inoculation, i.e. inoculated during the Jiriit outbreak or more than C days prior 
to second outbreak. 


Attacks. 


Name of village. 


S 

J§ 


A*. 


48 


51 

62 

63 

61 

66 

60 

57 


68 

6M 

Go 

G1 

GJ 

G3 


C. Sathainanga- 
I lam — 

) 2nd outbreak 

( 

I 3rd outbreak 

I 

VazakoIIai 

1 

Katlmlai — 

I 2nd outbreak 

j 3rd outbreak 

I Bliutlmrayampottai 
' Mclmanngudi 
Sathapadi 
Molamungnlid;^ . . 
Kunyamangnlnin 
Karainodu 
Ulutbur — 

2nd outbreak 
3rd outlin nk 
Poovahi 
Ibnnatboor 
t’. Mangilim 
Kum iTvamang ihm 
i:^alb\atu 
Kovihmir 

Tot \l (ovcludin.; 

13. :u. 

Till'll (all 


1 

13 

261 

260 


Bf. 


ct 


C. Chandra Sekar. 
Table I — concld. 


Deaths. 


Population at risk. 


A. 


1 1 
1 ’ 10 

173 
•'fl IT.! 


B. I C. I A. 


B. 


157 


POrULATIOX ' . 

at nisK Attack rate 
(adjusted). ’ 1,000. 


>> 

o 

"5 ^ 


1 

^ 338 

i .. 

1 

212 

368 

1 

, 212 

2-8 

4-7 

1 

357 

i •• 

211 

357 

j 211 

140 

4-7 

1 

lOG 


192 

1 

lOG 

1 

192 

00-0 

1 5-2 

1 


90 


4C 

90 1 

40 

11-1 

21-7 

1 

80 


40 . 

89 1 

40 

22-5 

21-7 


313 

74 

07 

304 

92 

19-2 

00-0 


174 

,37 

3 

Discarded 

Discanlod 


134 


88 

134 

88 

7*6 i 

00-0 


255 


105 

255 

195 j 

1 

3*9 ' 

00-0 

1 

237 


159 

Cl 

159 

(MCO 

0-3 


37 ' 

18 

21 


17 ^ 






73 

11*1 

0-0 


161 4 

203 

151 

2n;i 

.>• > 

239 iJl 

2(»7 

383 

183 

1 

7*8 

.371 1 

267 

371 

267 

1 21-3 

:i6S 

70 

358 

TO 

5-0 

2<*7 

7.3 

207 

7;i 

0 0 

125 

2.17 1 

125 

I 

207 ; 

M 0 

3(17 1 

1 

7S j 

j 

30 1 

1 

78 1 

3-3 

357 j:nr, 

191 

i 

.6.76 

i:>’8 

3S-.S 


1*0 


0*0 


1-S 


14 -.6 


16.602 


I A— rninoajlTi,,k 

'li "Jil.in *; un .f ♦ , , 


id.: 

t!. 


:rir - •(,, 


''■J’.I r. .'.1, 


I'l on; 


S.IJl 
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it was decided to omit the data relating to this population after inoculation and 
to take into consideration only the risk run by it and its cholera experience before 
inoculation. The risk to which an individual' was exposed was calculated on the 
basis of the ratio of the length of exposure before inoculation to the total duration 
of the second outbreak. A small proportion of the persons inoculated during the 
second outbreak or six days prior to the second outbreak had also been inoculated 
during the first outbreak. Their risk and cholera experience were allocated to 
the group of individuals who received anticipatory inoculation. The final figures 
for the population at risk amongst those uninoculated and those who received 
anticipatory inoculation are shown in Table I. These two sets of population will 
be referred to hereafter as ' not inoculated ’ and ‘ inoculated k ‘ 

Some of the persons included in the ‘ not inoculated ’ grouj) might have 
developed iimnunity as a result of previous attacks of cholera or of sub-clinical 
infections. No attempt was, however, made to take this into account in assessing 
the value of anti-cholera inoculation. 

In each of 61 among the 63 clieris included in this investigation the last case 
in the final outbreak occurred within five months of the initiation of the inoculation 
campaign in the cheri during the first outbreak. In the remaining two ch^ris this 
interval was 5 months and 12 days, and 6 months and 1 day, respectively. The 
assessment made in this paper refers, for all practical purposes, to the protection 
conferred on the individual during a period of five months after inoculation. 

Comparison op attack rates in the ‘inoculated’ and ‘not 

INOCULATED ' POPULATIONS. 

As a crude assessment of the value of anti-cholera inoculation, the data for 
all the cheris were taken together and the attack rates in the ‘ inoculated ’ and ‘ not 
inoculated’ populations were compared. Out of 15,592 persons who w^ere not 
inoculated, 251 developed cholera giving an attack rate of 161 per 1,C00 persons. 
Of 8,124 inoculated persons 55 suffered from cholera and the attack rate in the 
‘ inoculated ’ population was 6 '8 per 1,000 persons. To test whether the difference 
in the attack rates in the ‘ inoculated ’ and the ‘ not inoculated ’ ])opulations 
was statistically significant, the 'A' applied to the data presented in 

the following table : — 



Attacked. 

Not attacked. 

Inoculated ...“ 

55 1 

i 

S,069 

S.124 

Not inoculated 

251 

15,341 

16,592 

Total 

3oe 

23,410 

23,716 
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The x~ value was 36’5 with 1 degree of freedom and the probability of the 
^ having a larger value by chance was 1 in 5,000. The indication, therefore, 
was that inoculation afforded protection from the disease and was useful as 
a personal prophylactic. 


CORKELATION BETWEEN THE ATTACK KATES IN THE ‘ INOCULATED ’ AND 
‘NOT inoculated’ POPULATIONS 

The next step was to study the correlation between the attack rates in the 
‘ inoculated ’ and ‘ not inoculated ’ groups as recorded in this inquiry. Greenwood 
and Yule (1915) state that upon almost any plausible theor}r of immunization the 
attack or fatality rates of both classes ‘ inoculated ’ and ‘ not inoculated ’ in a series 
of epidemics of varying severity should be highly correlated and add that this 
criterion affords a means of coming to a conclusion as to the material accuracy 
of the data. The study of correlation between the attack rates of these two groups 
of population will, therefore, throw light on the accuracy of the data. Further, 
as the severity of an epidemic is measured by the attack rate in the iminoculated, 
the value of inoculation in epidemics of varying severity will also be brought 
out. 

Two methods were applied (I) due to Greenwood and Yule (loc. cit.) and (2) 
duo to Wald (1940). The occunence in each chert was considered as an epidemic 
by itself but as the data for each cheri were limited, cheris with more or less the 
same attack rate in the ‘ not inoculated ’ population were grouped together and the 
data for the groups were taken for analysis. The cheris having attack rates in the 
uninoculated population in one of the following ranges (I5S'7 per 1,000 persons to 
97-S), (97-8 to 54-8), (64-8 to 28-7), (28-7 to 13-9), (13;9 to 6-21), (G-21 to 2-56) and 
below 2‘56 per 1,000 were grouped together. These intervals were chosen as they 
provided a suitable frequency distribution of the cheris on the basis of the ‘ normal 
equivalent deviations* ’ of the attack rates in the ' not inoculated ’ population. 
The intervals as reckoned by normal equivalent de\nations corresponded to ( — TO to 
—1-3). (— T3 to — TG). (— TG to —T9), (—T9 to —2-2), (—2-2 to —2-5), (—2-5 
to — 2'S) and below — ^2'8. The data relating to cheris of the same group have 
been shown in Table II. 

The attack rates in the ‘ inoculated ’ and ‘ not inoculated ’ populations of each 
group and their corresponding normal equivalent deviations were worked out ; 
these are given in Table III. 

^ Tlie method given by Greenwood and Yule (foe. cil.) was applied to the data 
in TabIc III. The details of the statistical analysis are .shown in the A mrcttfliT. 
Considering the data of groups I to onlv, the folloiving relationship was found 
botAvecn k„ the normal equivalent deviation of the attack rate in the ‘not 


•Tlu- normal cqniv.ol-nt devi.ifioii x (.^ly) i-; given by the equation: 
Att.ich i-nto jwr l.l'OO -- C — 

— oc 
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Table II. 

Giv'mj the data for the cheris grouped according to the attach rate in the iininocuhted 

population. 


Attack rate 

158-7 TO 97-8 TEU 1,000 
N.E.D.* 

— 1 TO — 1.3. 

^ Attack kate 

97-8 TO 54-8 PEtt 1,000 
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—1-3 TO — 1-G. 
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Attack rate 
TO 28-7 per 
N.E.D. 

-1-G TO ■ — 1-9. 
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28-7 TO 13-9 per 1,000 
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Table II — eonclcl. 


Attack katb 
13-9 TO 0-21 PER 1,000 
N.E.D. 

— 2'2 TO — 2'o. 


Attack kate 
G-21 TO 3-5C ter 1,000 
E.E.D. 

—2-5 TO —2-8. 
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inoculated ’ population and ai the corresponding deviation in the ‘ inoculated ’ 
population 

k„=l-8385ai+2-4789 ( 1 ) 

Table III. 

Showing the ‘ proportion attacJted ’ and the corresponding 
normal equivalent deviation in the ‘ not inoculated ’ 
and ‘ inoculated ’ poqndations. 


Group. 

Proportion 

attacked. 

Normal 

equivalent 

deviation. 

j ( Not inoculated... 

1 Inoculated 

0-1.522 

0-0303 

-1-03 

-1-SS 

f Not inoculated... 

■ \ Inoculated 

0-0861 

0-0143 

-1-37 

—2-19 

jjj ( Not inoculated... 

■ ( Inoculated 

0-0369 

0-0131 

-1*79 
— 2*22 

JT 7 5 tiot inoculated... 

' ■ ( Inoculated 

0-0201 

0-0071 

-2-05 

-2-45 

Y r Not inoculated... 

' ■ \ Inoculated 

0-0109 

0-0037 

-2-30 

-2-68 

.rr,- j Not inoculated... 

( Inoculated 

0-0046 

0-0032 

-2-61 

-2-73 

j Not inoculated... ' 
( Inoculated 

0-0012 

0-0064 

-3-04 

-2-49 


The observed values of the normal equivalent deviations and the straight 
line representing the above equation have been shown diagrammatically in 
Fig. 1(a). Statistical analysis showed that this line fitted the data reasonably 
well and thus indicated a correlation between the attack rates in the ‘ inoculated ’ 
and ‘ not inoculated ’ populations. 

The method of Greenwood and Yule was also applied to the data of the seven 
groups after most of the cheris of the original group VII were transferred to groups 
V and VI for reasons explained in the Appendix. The equation to the line obtained 
in this case was 

k„=2-4281ai + 3-7446 (2) 

This line and the observed normal equivalent deviations of the attack rates 
for the seven groups are shown diagrammatically in Fig. 1(6). Statistical analysis 
showed that the line fitted the data very well. Thus, it was evident that not only 
significant correlation existed between the attack rates in the ‘ inoculated ’ and 
‘ not inoculated ’ populations but also that the data satisfied a criterion laid down 
by ^Greenwood and Yule for their accuracjL 
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Each of these equations (1) and (2) could be used to represent the variations 
in resistance of ' not inoculated ’ and ‘ inoculated ’ persons by means of two normal 
curves. Tbe two pairs of curves corresponding to these equations are shown in 
Fig. 2. The position of the curve for the ‘inoculated ’ as compared with that for 
the ‘ not inoculated ’ indicates that inoculation increased the average resistance of 
the group. The greater spread of tlie curve for the ‘ inoculated ’ group shows that 
inoculation increased the range of variation in resistance between different 
individuals. 

Of the two equations (1) and (2) it is expected that the latter would provide 
a truer picture of the value of inoculation. The former gives a reasonabty accurate 
picture for outbreaks of higher intensity but exaggerates the value of inoculation 
in the case of mild outbreaks. This feature is clearly demonstrated when the 
attack rates to be expected in the ‘ inoculated ’ population on the basis of equations 
(1) and (2) for certain specified attack rates in the ‘ not inoculated ’ population are 
compared. Kelevant figures are given in Table IV : — 

Table IV. 

Expected attack rates per 1,000 in the ‘ inocvla ted ’ 
popiulation corresp)onding to a few specified 
rates in the ‘ not inoculated ’ 
population. 


Rates per 1,000 
not inoculated. 

Expected bates per 1,000 

INOCULATED. 

t 

j Equation (1). 

Equation (2). 

1 

i 1-2 

2-4 

o 

3-0 

4-0 

10 

! 

1 

0-2 

20 i 

0!» 

i S’5 

30 

t 

s-y 

10-3 - 

40 

10-7 

11-8 

50 

12-4 1 

( 
1 

13-2 

7j 

1 

1 

1G-.5 J 

16-4 

o 

o 

20-4 1 

19-2 




Umiioculntcd. 


Based on the data of groups I to \^I (revised). 

Proportion attacked uninoonintcd. 


Proportion attacked inoculated. 


The areas under the curves for the ‘ uninoeulatcd ' and ' inocula- 
ted ’ are equal. The proportion of the population having resistance 
greater than any arbitrary level R is given by the proportion of the 
area of the curve to the right of R. The level of R required to resist 
di.sease in any outbreak is obtained by nial.'ing the proportion of the 
area of the curve for the ‘ uninoeulatcd ’ to the left of R equal to the 
‘proportion attacked ’ in the ‘ uninoeulatcd ’ population. The corres- 
ponding area of the curve for the ‘ inoculated ' ivill determine the ‘ pro- 

nrirliotl nfflnt-nH ’ in lu. ..xpCCtod IH tllC ‘ inOCUkltcd ’ pOpulatiOIl. 



Scale of resistance. 


-t. y.r. 
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Accepting the results given by equation, (2) when the intensity of an epidemic 
was low and the attack rate amongst the ‘ not inoculated ’ was below 5 per 1,000, 
inoculation hardly offered any protection. For attack rdtes of 5 to 10 per 1,000 
in the ‘ not inoculated ’ population the attack rate in the ‘ inoculated ’ population 
was^ slightlj’’ lower. During outbreaks of higher intensity, inoculation offered 
an increasingly greater degree of protection. Between the ranges of intensity of 
a cholera epidemic represented by 10 attacks per 1,000 uninocnlated to lOO'per 
1,000, the reduction in attack rate as the result of inoculation was between one- 
half and four-fifths. The exact relationship between the attack rates in the ‘ in- 
oculated ’ and ‘ not inoculated ’ populations for outbreaks of varying severity 
has been shown diagrammaticall)'^ in Fig. 3 ; — 


Fia. S.Showioig the expected attack rate in the inoculated ptopulalion for a specified rate ?’« 

the uninoculaied population. 



Wald’s (loG. cit.) method was also used to work out the correlation between 
the attack rates in the ‘ inoculated ’ and ‘ not inoculated ’ populations. The details 
of the statistical anatysis are given in the Appendix. The following relationship 
between k^ and the normal equivalent deviations in the ‘ not inoculated ’ and 
‘ inoculated ’ populations w^as obtained 

k„=2-3185ai-l-3-4644 (3) 

Statistical test showed that this relationship was significantly different from 
that to be e.xpected if inoculation was of no value. Equation (3) compares -well 
vith equation (2) indicating that the conclusions reached by applying the method 
of Greenwood and Yule are substantiated by the new analysis. 
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,It should be clearly understood that the extent of protection in the inoculated 
as assessed above is based on the limited experience of 63 clieris ; it is possible that 
a larger experience might have yielded somewhat divergent results. The range 
of variation that might, in the extreme case, be expected to occur on this account 
is indicated in the last two columns of Table V. The wide range of such variation 
in respect of milder outbreaks should be attributed to relatively large errors of 
sampling. 

Table V. 

Giving the maximum and 7tnninium estimates of the degree 
of protection against attach given bg anti-choiera 
inoculation. 


Rate pee. 1,000 Rate rs xot lyoctrLATED. 

IN'OCCTEATED. RATE IX I-XOCCXATED. 

Rate per 1,000 — ~ 

not inoculated. 

Minimum. Maximum. ' Maximum. Minimum. 


1 

0-04 

60 

25-0 

0-15 

o 

0'6 

8-7 

8-3 

0-G 

10 

l- 

lOG 

3-9 

0-9 

20 

4-3 

I, 51 

4-7 

1-3 

30 

01 

218 

4-9 

1-4 

40 

7-4 

30-3 

.5-4 

1-3 

•'0 

S-3 

30-9 

GO 

1-3 

7,1 

0-7 

68-8 

7'7 

1-1 

too 

100 

102-3 

9-4 

I-O 


Tlie expected maximum rate jn the ‘ iimculated ‘ group is less than the rate 
m the ‘ not inoculated ’ when the intensitv of the cholera outbreak rises above the 
level of 10 ea<os per 1.00(1 uninoculated. this .should help to strengthen confidence 
in^ the conelusjons reached previously from tl,e figures in Table IV re^ardinr^ the 
eliic.acy of anti-cholcra inoculation. r ^ - 
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Assessment oe the value of anti-cholera inoculation in reducinq 

CASE FATALITY BATE. 

Ill the 63 clieris investigated, 256 attacks were recorded amongst the ‘not 
inoculated ’ population and of them 173 failed to survive the disease, while of the 
56 persons with anticipatory inoculation who were attacked v ith cholera, 35 failed 
to survive it. Therefore, the case fatality rates in the ‘not inoculated ’ and -‘in- 
oculated ’ populations were 67‘6 per cent and 62‘5 per cent respectively. There 
IS little difference between these rates. The yA I®®! when applied to the data 
in the table belojv gives a value 0‘532 with 1 degree of freedom which is within 
the 5 per cent significance limit, viz. 3'84l : — 



Attacks. 

• 


Not inoculated. 

Inoculated. 

Total. 

Deaths ... 

173 

35 

208 

Survivals 

83 

21 

104 

Total 

256 

56 

312 


It is, therefore, concluded that when a person had an attack of cholera his 
chance of survival was not influenced by his having been inoculated or not. 


Discussion. 

The results of statistical assessment of the efficacy of anti-cholera incculation 
presented in this paper confirm generally the finding of Adiseshan et al. 
{loc. cil.) that anti-cholera inoculation confers significant protection against an 
attack of cholera though not against death from cholera. The only difference 
between the two results is in the degree of protection that inoculation affords 
against attacks of cholera. While Adiseshan, Pandit and Venkatraman find 
that the attack rate is reduced to 1/lOth to l/14th as a result of inoculation 
in the present study it is found to be reduced to i to l/5th. This difference may 
possibly be accounted for by the fact that Adiseshan et al. took the larger ‘ village 
or hamlet ’ as the unit of population at risk, while in the present study the .smaller 
and more homogeneous chcri was taken as the unit. From the point of view of 
statistical evaluation of data, the clieri is certainly the better unit, and therefore 
the result obtained on that basis should be more readily acceptable. But judged 
from other points of view, such as environmental hygiene, immunity status, etc., 
the chcri population is not strictly comparable to the village population. Though 
the chcri forms a part of the village it differs from the rest of the village niarkedly 



C. Chandra Sekar. 


169 


due to its lower economic, nutritional and sanitary status. The difiereuce in 
the degree of protection recorded may be due to such _ factors. In any case, as 
even in the chert population anti-cholera inoculation has given significant protection 
against attacks of cholera, it may safely be concluded that anti-cholera inoculation 
is not likely to yield less protection than-what has been stated in this paper. It is 
possible that the degree of protection claimed by Adiseshan elal. may be obtained 
in groups of population more favourably placed than the chert population but in 
population groups exposed to very unfavourable conditions a lower, j'ct significant, 
degree of protection as stated in this paper can be expected. 


" Summary. 

1. This paper deals with the assessment of the value of anti-cholera inocula- 
tion from the data relating to the second and subsequent outbreaks of cholera in 
63 cherts in South Arcot district of the Ifadras Presidency by comparing the attack 
and case fatality rates among the nninoculated with the corresponding rates among 
those who were inoculated at least six days prior to the starting of the outbreak 
dealt with. The latter population should have become fully immunized before 
this outbreak occurred. Anj’’ protection which the uninoculated _ might have 
acquired as a result of previous attacks of cholera or of sub-clinical infections was 
not taken into account in the present inquiry. 

In 61 out of the 63 cherts investigated the cases of cholera in the second 
and subsequent outbreaks occurred in the interv'al one to five months after 
inoculation. As such the asses.sment made here refers for all practical purposes 
to the protection conferred on the individual during a period of five months 
after inoculation. 

2. The attack rate in the ‘ not inoculated ’ population was found to be 2'4 
times that in the ‘ inoculated ’ population. Statistical test indicated that inocula- 
tion afforded protection against the di.sease and was useful as a personal prophy- 
lactic. 

3. The prophylactic value of anti-cholera inoculation was also assessed by’ a 
method suggested by Greenwood and Yule. The results obtained have been 
incsented in Table iV and Fig. 3. E.xccpt in very mild outbreaks inoculation 
was found to be eflcctivc. When the attack rate in the ‘ not inoculated ’ population 
was .'■) to 10 per 1.000, the attack r.tfc in the ‘ inoculated ’ population was .‘Jliglitlv 
lower. During outbreaks of higher intensity, inoculation offered an increasinslV 
greater degree of protection. Detween the ranges of intensity of a cholera 
epidoinic rcpre.contod by 10 attacks per I.OOO uninoculatcd to 100* per 1,000, the 
reduction in attack rate, as the result of inoculation, was between one-half and 
four-fifths. 

•1. Two normal curves rcprc.senting the distribution of resistance to disease 
■among the ‘ nninoculated * and ‘ inoculated ’ were worked out and arc presented 
in Fig. 2. The avorauc resistance of the jmpulation was increased bv inoculation. 
•The r.mgo of v.iriation in resistance between inoculated individuals was also greater 
than the range in the uninoculatcd group. 
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5. There was no significant difference between the case fatality rates amongst 
those attacked in the ‘ inoculated ’ and ‘ not inoculated ’ populations. 
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APPENDIX. 


Statistical assessment of the correlation behveen the attack rates in the 
‘ inoculate!, ’ and ‘ not inoculated ’ populations. 

As explained earlier in the text, the cherts were divided into seven 
groups on the basis of the attack rates in the ‘ not inoculated ’ population 
and for the data of each group the attack rates in the ‘ inoculated ’ and 
‘ not inoculated ’ populations and the corresponding normal equivalent devia- 
tions were worked out. These have already been presented in Table III 
of the text. 

In all the groups except the last one, the attack rate in the ‘ inoculated ’ 
population was less than that in the ‘ not inoculated ’. The higher rate 
amongst the ‘ inoculated ’ population in group VII could be anticipated 
as this group included all the cheris in which no case had occurred amongst 
the uninoculated persons though in each of these cheris there was at 
least one case amongst the inoculated persons. Statistical assessment of the 
correlation in attack rates is rendered difficult by the data in group VII. 
An assessment made without taking these data into acconnt will give a 
fairly accurate picture for higher intensities of outbreak but may exaggerate 
the value of inoculation in the case of mild outbreaks. On the other hand, 
if the analysis is made by taking these data in a distinct group, it would 
undulj' prejudice the value of inoculation in mild outbreaks. In what follows, 
the method of Greenwood and Yule for assessing the correlation between the 
attack rates in the ‘ inoculated ’ and ‘ not inoculated ’ populations has been 
applied to two sets of data. The first consists of the data of groups I to VI only. 
The second includes those for group VII also but not as a distinct group. The true 
relationship is expected to be nearer the one given by the second set of data though 
the results of the first set would also give a fairly accurate picture for higher 
intensities of outbreak. 

Wald’s method for working out the correlation between two sets of 
variables has also been applied to the second set of data and the maximum 
and minimum limits to the efficacy of inoculation as given by these h.ave been 
determined. 

Method of Greenwood and Yule. — In this method the pair of normal equivalent 
deviations for the different groups are tabulated and their means Jf^ and 
Jl,, standard deviations and Si (the subscript ^ refers to the ‘ not inoculated ’) 
and the coefficient of correlation r arc worked out. The relationship between 
k^ and a,, the normal equivalent deviations of the attack rates in the ‘ not 
inoculated ’ and ‘ inoculated ’ populations is then given by 

kp = ai cot e -f d 
where tail 20 = 
and d = — Jfi cot 0 

( 171 ) 


( 1 ) 

( 2 )- 

( 3 ) 
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Data of groups I to VI. 

Appljdng tlie method of Grreenwood and 
to VI, it is found that 

= - 1-86 Mj =- - 

' = 0-536 Si = 

and r = 0*973 
Therefore tan 2d = 1-5449 
e = 28° 32-5 
and cot 6 = 1-8385 

The relationship between and ai therefore works out to 

k,, = 1-8385 ai + 2*4789 (4) 

To appreciate the extent to which this relationship fits the data, the observed 
attack rates in the ‘ inoculated ’ and ‘ not inoculated ’ populations should be 
compared with those expected on the basis of this relationship. The expected 
rates are obtained by, first calculating k^i and a.i^, the expected values of the 
normal equivalent deviations for the ‘ not inoculated ’ and ‘ inoculated ’ popula- 
tions bj applying the formulae : 

1 , Hi cot S + d -f ko cot- B 
— l + cot^d 

andaii ' (6) 

where k^ and ai are the observed normal equivalent de-viations, and then convert- 
ing the normal equivalent deviations to rates. 

The proportions of attacks corresponding to the observed and expected values 
of the normal equivalent deviations are shown in Table A. The difference between 
the observed and expected values of these proportions and the ratio of the 
differencetoitsstandarderror are also shown in the table. The ratios are generally 
small signifying that the relationship worked out above gives a fairly good fit. 
The sum of the squares of these ratios, viz. 2*364, is less than 9*488, the 5 per cent 
significant Limit of'x^ distribution with 4* degrees of freedom and shows again, 
that the fit is reasonably good. 

Data of groups I to VII. 

As already mentioned, the exclusion of the data in group VII would result 
in an exaggeration of the value of inoculation especially in the case of mild out- 
breaks. To avoid this bias and at the same time to ensure that one group was not 
unduly weighted, by the inclusion within it of all the cheris in which no case -nas 
recorded in the ‘ uninoculated ’ population, the following method was adopted 
to deal with the data of this group. For each c/ieri in group VII in which no case 
was recorded in the ‘ uninoculated ’ population the attack rate that would possibly 
have occurred amongst the ‘ not inoculated ’, if a larger number of such persons 


Yule 4,0 the attack rates in groups I 

2-36 

0-296 


* It is difficult to give .the degrees of freedom precisely. Two constants have been worked ou 
from six pairs of observations. The deviations of each pair from the fitted line are correlate . 
Hence the test with the degree of freedom chosen can only err by being rather stringent. 
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had been exposed to risk, was estimated. The ground for this estimation was that, 
with this rate, the chance of getting no case amongst the observed ' not inoculated ’ 
persons would be | . On the basis of this estimated attack rate the cheris were 
transferred to the appropriate groups. The application of the procedure resulted 
in the transference of the observed data of three of the clieris in group VII to group 
V and of four others to group VI. The two cheris in which cases had occurred 
amongst the ' not inoculated ’ population were left in group VII itself. The attack 
rates amongst the ‘ not inoculated ’ and ‘ inoculated ’ populations in the seven 
groups thus reconstituted and the corresponding normal equivalent deviations 
are presented in Table B. 


Following the method of Greenwood and Yule for estimating the relationship 
in attack rates it is found that 

- M„ = ^ 2-01 Ml = - 2-37 

= 0-614 Si = 0-265 

and r = 0-935 
Therefore, tan 2 6 = 0-9924 
6 = 22° 23' 
and cot 6 = 2-4281 

• The 'relationship between k^ and ai reduces to 

k^ = 2-4281 ai + 3-7446 (7) 


For the study of the extent to which the line given by equation (7) fits the 
observed data, the ‘ proportion of attacked ' expected on ^he basis of this relation- 
ship was compared with that observed in the field. The comparative figures are 
also indicated in Table B. The ratio of the difference between the observed and 
expected proportions in terms of its standard error is also given in the table. 
These ratios are not large enough to indicate any significant difference between 
the observed and the expected proportions. The sum of squares of the ratios 
works out to 3-877 which is less than 11-070, the 5 per cent significant limit of x" 
with 5 degrees of freedom. There is, therefore, every reason to believe that 
equation (7) describes adequately the relationship between the attack rates 
amongst the ‘ inoculated ’ and ‘ not inoculated ’ populations. 


Wald’s method. 

This method is not strictly applicable to our data as the latter fail to satisfy 
the condition of constancy of variance of one set of variables. As this limitation 
is not likely to be of serious consequence, the method has been applied to the 
normal equivalent deviations given in Table B above. The deviations of group IV 
have been excluded and the rest have been divided into two sets, the first com- 
prising the deviations of groups I, II and III and the second of V, VI and \ H- 
The relationship between k^ and ai, the normal equivalent deviations of the not 
inoculated ’ and ‘ inoculated ’ populations, is found to be 

k^ = 2-3185 aj + 3-4644 (8) 

If inoculation did not produce any effect, the coefficient of aj in equation (8) 
should not be significantly different from unity and the constant term should not 
be different from zero. The F test for significance gives a value 10-4 which is 



Showing the observed and expected ‘ proporlion attacked ’ in the ‘ not inoculated ’ and ‘ inoculated 

populations. 
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greater than the 5 per cent limit of F, viz. 6-91. It is, therefore, concluded that 
inoculation did produce some effect and as equation (8) compares Avell with that 
obtained by applying the method of Greenwood and Yule, the conclusions reached 
earlier regarding the efficacy of anti-cholera inoculation may be considered as 
substantiated. 

If 

ko = a ai -p ^ (9) 

be the. relation between the normal equivalent deviations, the confidence region 
for a and ^ with a chance of 0'95 is given by the ellipse, 

5-5877 a2 + ^2 ~ 4-7166 a^~ 9-6406 a 4- 4-OO66 ^ -f 4-1341 =- 0 (10) 

Any pair of values of a and ^ in the region enclosed by the ellipse can lead 
to such difference in attack rates in the ‘ inoculated ’ and ‘ not inoculated ’ popula- 
tions as was observed in the field. Each pair of values will assess differently the 
eflicacy of anti-cholera inocxilation. The maximum and minimum estimates for 
this efficac}'- have been given in Table V of the text. 
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ANTISEPTICS OF THE ACRIDINE SERIES. 

Part 1. 


EFFECT OF VAEIOUS SUBSTITUENTS AND LOADING OF THE 
TETUillNAL N— IN THE DIALKYLANINO ALKYL SIDE 
CHAIN OF TYPE— NH(CH2 )iNK2 AT POSITION 
9 IN 3-METHOXY-5-CHLORO-9-AMINO- 
ACBIDINE. 
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AND 

J. R. CHAUDHRI, l.r.c.p. (LonA.). m.r.c..s. (Eng.), d.p.h. (Cantab.). 
{From the Department of Chemistry. Oonernment College, Lahore.) 


[Received for imblication, J.onuary 22, 10}".] 


Chrmotiierapkutic investigations of mono- and dianiino-acridines (Alberl.. 
1930 ; Rubbo et nl.. 1941) have shown that simple mono-amino-acridine.s— especially 
9-amino-aoridines (I)— are the most active ones. Das Gupta and Gupta (194.'}) have 
shown that .")-(diethyl-amiuQ-alkyl)-amino-acridines (II) possess considerable anti- 
septic activity. Dupre and Robinson (1945) during their study of N-substitutecl 



where R = alkyl 
radical. 


(Ethyl, propyl, 
butyl, etc.) 


O-imimo- icndine. 


.i-diethyI...iiniiio-.*ilkyl-amir.O' 


( 177 ) 


acridine. 
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Antiseptics of the Acridine Series. 


5-ainino-aciudines found that the parent 5 amino-acridine was as active bacterio- 
staiically as the substituted compounds. Lawrence et al. (1944) ha-\ e also described 
the antiseptic action of many common acridine derivatives on Gram-positive and 
Gram-negative bacteria. It is also known (Eggerth, 1926) that acridine compounds 
are not inactivated in the presence of serum and organic matter. 

Several basicallj^ substituted chloro-methoxy 9-aniino-acridines have been 
synthesized in the Chemistrj' Dcjrartment, Government College, Lahore. Intro- 
duction of chlorine in the molecule of various phenols is known to confer high 
antiseptic properties (Klarmaim el al., 1929). The activating effect of chlorine 
in the phenolic series has prompted us to study the effect of the introduction of 
chlorine in the acridine series. Shaw (1928) has shown that the presence of a 
methoxy group is also desirable, because it increases the permeability of the drug. 
As these compounds are substituted 9-amino-acridines with a chlorine and a 
methoxy radicle, we have undertaken to find out if there is any relation between 
antiseptic activity and chemical constitution. 

In this paper, the following derivatives of 3-metho.xy-5-chlor-9-amino-acridine 
(III) have been examined : — 



3-inefchoxy-6-ohlor-9-amino-acridine. 


5. 


C2H 

-(CH2)4 

C2H 


-(CH2)^ ■‘N(C^Hy)2 


-(CH2) 4 - N(C^Hq)2 


-(CH2)4-N(C5Hj|)2 

CH2— CH2 

-(CH2)4-N< )cH2 

CH2-CH2 


6. -<( )-S02NH2 

7. -H 


1. 3-methoxy-5-chlor-9 
chloride trihydrate. 

2. 3-methoxj^-5-chlor-9 
chloride dihydrate. 

3. 3-methoxy-5-chlor-9 
chloride. 

4. 3-methoxy-5-chlor-9 
chloride. 


(tr diethyl-amino-butyl) amino-acridine 
(tr di-n-propyl-amino-butyl) amino-acridine 
(tr di-n-butyl-amino-butyl) amino-acridine 
(tr di-n-amyl-amino-butyl) amino-acridine 


di-liydro- 

di-hydro- 


di-hydro- 


di-hydro- 
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5. 3-metlioxy-5-clilor-9 (o- piperidino-butyl) amino-acridine di-li 3 ’drochloride 
penta-hydrate. 

6. 3-methoxy-5-chlor-9 {p’sulphanil-amino-phenjd) amino-acridine hydro- 
chloride. 

7. 3-methoxy-5-chlor-9-amino-acridine. 

8. Acriflavine B.P. 

9. Quinacrine hydrochloride U.S.P. 

Drugs Nos. 8 and 9 were used as standards for comparison of the activities. 


Technique. 

A modification of the method of Lawrence ei al. {he. cil.) was used. This 
is outlined below ; 

1 ; 1,000 dilution of each compound was made in simple broth containing 
OT per cent dextrose. From this dilution, dilutions of 1/2000, 1/4000, 1/8000, 
1/16000, 1/32000, 1/64000, 1/128000, 1/256000 were made. The tubes containing 
the drug dilutions and control broth tubes not containing the drug were autoclaved 
at 10 lb. for 10 minutes. Each tube of the dilution series was then inoculated 
with a loopful of a 24-hour broth culture containing one of the test organisms. 

The tubes were then incubated at 37°C. and examined for visible growth 
after 24, 48 and 72 hours. Lack of growth after 24 hours was taken as evidence 
of bacteriostasis. The first tube which failed to show growth after 72 hours was 
tested for the presence of live organisms by transferring 3 loopfuls from this tube 
to a tube of sterile broth not containing the drug. Failure of the growth to appear 
in the subculture after 24 hours was taken as evidence of bactericidal action 
on the part of the drug under investigation. 

The compounds which were insoluble in water were dissolved in the minimum 
possible quantity of absolute alcohol and then diluted with broth so as to vield 
a 1 in 10,000 dilution. This dilution was clear and free from anj' precipitate. 
Five c.c. of absolute alcohol were also added to those drugs which were soluble in 
water so ns to create similar conditions in tlie experiments. 

After removal from the autoclave the tubes containing a high concentration 
of the drug usually showed floccules which settled down to the bottom of the tube 
in 21 hour-s. The reason for this floccidation is not known. It did not. however, 
interfere with the reading of the results. 

The following test organisms were used in the experiments ; — 

1. Slaphijlococcus aureus. 

2. S(rcp(ococcus hcrmohjticus. 

3. Bnc(. coll. 

■1. Proteus nilgai is. 

5. P.'^eudoinomt': pyocyaucus. 

(>. Pact, typhosuui. 

The re.'^ult.s are summarized in Tables I, II and III. 




denotes the bacteriostatic concentration, 
denotes the bactericidal diiution. 
less than 1 in 1,000, 
not tried, / 
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Tablk II. 

Highest dilidion of the drug shoudvg bactericidal action in 'presence of 

imrmal ox-seruni 


Compound 

number. 

Staph, aureus. 

Bad. colt. 

1 

1 

8,000 

16,000 

0 

16,000 

32,000 

3 

4,000 

4,000 

4 

4,000 

2,000 

5 

16,000 

32,000 

6 

< 10,000 

< 10,000 

7 

>320.000 

040,000 

8 

>160,000 

i 320,000 

9 

<10,000 

I <10,000 

! 


Rem.!ieks. 


I The method used was essentially the same, as 
described previously — with the exception that 
. no autoclaving was done, and after 72 hours 
I subcultures were made on glucose broth, agar, 
slope — ^MacConkey plate and SfacConkey liquid 
medium. Absence of growth in the majority 
of the media was taken as an evidence of 
bactericidal action on the part of the drug. 


Irritant properties. 

A strong solution of the drug in normal saline was instilled into one eye of the 
rabbit and in the other eye an equal amount of normal saline was dropped. The 
colour of the conjunctivaj was observed and compared with that of the control. 
A fresh charge of 2 to 4 drops of the drug was instilled after 5 minutes if no reaction 
ensued. Three rabbits were used for each drug and the experiment was repeated 
to confirm the observation. 


Table III. 


1 

Reactiox (colovr or the coKJnscTrv.E) aftep. 









Cone. 

used. 


S'® ‘ 

0 

10 

30 

24 


Remarks. 

o = 

O • 1 

t 

minutes. 

minutes. 

V 

minutes. 

hours. 

Control. 



1 

No 

No 

No 

White 

White 

1 : 2.70 



redness. 

redness. 

rednc<;«. 



sl'cns of uneaci- 

3 

4 



tr 

ft 

>» 

1 : 2.-)0 

ne^^ in the 



ft 

” 


1 : 250 

1 : 250 

animals. Pupils 
did not contract 

G 


** 

ft 

*» 


1 : 250 

or dilate. There 


” 




»« 

Saturated 

was no swelling 







so lution 

of the eve.lids 


Lielit 





in water. 

or the conges. 


r.Ale 

1 WhVte 

•• 


1 : 10,f)00 

1 : .*,rio 

tion of the eye 


vcllow. 



in general. 

<j 

Wliite 

White 

! 

t* 


1 : 2oO 



MR 
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Antisephcs of the Acridine Series. 


Discussion op resums. 

A glance at the tables will reveal the follosving facts : — 

1. The parent 3-methoxy-5-chlor-9-amino-acridine is the most active com- 
pound of the lot. Its activity of 1 : 320,000 and 1 : 160,000 against Bad. coli and 
Staph, aureus is almost 2| times that of acriflavine which has values of 1 : 128,000 
and 1 ; 64,000 for the above organisms respectively. - It is less active against 
Proteus vulgaris and is almost inactive against Ps. pyocyaneus. It may be remarked 
that our observation confirms the work of Dupre and Robinson {loc. cit.) who also 
found that unsubstituted 5-amino- (English nomenclature corresponding to 9 
amino in our case) acridine was more active than any of the substituted ones. 


Graph 1, 

Shoioing relation betioeen bacteriostatic values and the increase in R in 
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2 . The activity rises when E [in NH(CH2)4NE2] is changed from ethyl to 
propyl — then it is followed by a sharp fall, when E. is butyl, and the curve 
becomes straight when E reaches amyl (see Graph 1). But as the compounds when 
R is CHs and CeHis and C7H15 were not available, no tentative conclusion can be 
drawn as regards the relation of antiseptic activity and chemical constitution. 

3 . When E — piperidine = CsHio — a closed ring substituent~its activity 
is almost double that of diethyl compound {C4H10). 

4 . Combination of two antiseptic groupings — sulphanilamide and acridine 
nucleus — does not result in any marked increase ini activity except that the 
compound is uniformly active against all the organisms tested. 


Graph 2. 


Shoivwg (he relation betiveen bactericidal dilution and (he increase in (he value of R in 

(R 

Lr 




NH(CH,),N(f 


CH,0 N Cl 


= Staph.' aureus. 
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Antise'ptics of the Acridine Series. 


5. Quinacrine is inferior to almost all the compounds tested. 

6. The activities of the compoitnds are enhanced in the presence of serum 
{of. Table I with Table 11). The compounds were found to be non-irritant. 


We are highly indebted to Dr. M. Yacob for providing facilities for work in 
the P. E. B. Laboratory and Professor Mahan Singh for the keen interest and 
encouragement during the investigations and also for the compounds used in the 
experiments. 
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Introduction. 

It is now well established that the structure of the teeth and supporting 
structures may be markedly influenced by certain specific deficiencies in diet. 
Indeed structural changes may be produced almost at will by the withdrawal of 
one or other of the several essential food factors, particularly during the fonnative 
period of the teeth. Pre-natal nutrition is of the utmost importance if the teeth 
arc to erupt without structural defects. Of perhaps still greater importance, at 
least in so far as the permanent dentition is concerned, is the diet of the mother 
during the lactation period. 

The quality and quantity of the milk produced by the nursing mother is to a 
very high degree dependent on the character of her own diet. The work of Shukers 
cl of. (1931) indicates a greatly increased caloric intake during lactation. 
Thus, the increased food requirement together with the tendency towards a negative 
calcium balance during this time would add to the danger of a general or 
specific food deficiency, with resulting harm to the offspring as well as to 
the mother^ during the nursing period. Of con.sidcrablc importance in this 
connection is the fact that calcification of the deciduous and permanent teeth is 
primarily a function of post-natal life (He.vs ct al., 1932). 

It is no longer thought that a child is necessarily well nourished simplv be- 
cause it IS breast fed. Only to a vciy- limited extent can the essential food factors 
be .supplied from the mother's own body -stores. This is true particularly in the 
case of vitamins. Human milk is said’ to be low in vitamin D content and this 
would cxplaip the fact that breast-fed children arc by no means immune to rickets. 

( 185 ) 
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Antiscorhutic Deficiency during Lactation, 


A sufficiency of the antirachitic vitamin D and of the antiscorbutic vitamin C is 
now recognized as essential for the proper utilization and fixation of calcium and 
phosphorus in the tissues. 

It has been shown that the concentration of vitamin C in the milk. of the 
nursing mother or lactating animal^ is largely dependent upon the diet received, 
and that the antiscorbutic vitamin in the food is rapidly secreted into the 
milk rather than stored in the body (Chick et aJ., 1918; Dutcher et al, 1920 ; 
Sherman, 1932 ; Hess, 1920 ; Hart et al, 1920 ; Barnes and Hume, 1919). 
Therefore, the only dependable source of this important food factor must be the 
dally food supply. It is significant that vitamin C is one of the food elements in 
which the average diet of to-day is said by McCollum and Simmonds (1929) to 
show a tendency to be deficient. Aykroyd and Krishnan (1937) state that even 
In the villages during certain months of the year vitamin C is definitely deficient 
in Indian dietaries. 

The literature contains many instances of scurvy outbreaks attributed to the 
practice of relying upon heated or pasteurized milk for the supply of antiscorbutic 
substance. It is noteworthy that frequently the only manifestations of the disease 
were fretfulness, anaemia, loss of appetite and retardation of growth. 

It is, therefore, not improbable that cases of sub-acute or mild scurvy may be 
more common than is usually supposed, although not diagnosed as such on 
account of the absence of the typical symptoms of frank scurvy. When attention 
is focused on groups of children, as in the outbreaks reported, there is a greater 
likelihood of a true diagnosis being made. 

In our experimental work with guinea-pigs (Day, 1933, 1934) we have found 
that the susceptibility to scurvy is subject to considerable individual variation. 
Similarly, Hess (191 7n) reports that the antiscorbutic requirement for the main- 
tenance of normal nutrition and growth is higher in some children than in others. 
Diagnosis of the disease may be rendered more difficult in view of the possibility 
of secondary infections being superimposed upon the primary nutritional distur- 
bance. Conversely, as pointed out by Hess (19176), latent scurvy may become 
suddenly manifest by the complication of intercurrent infection. Infantile scurvy 
is said to increase markedly the susceptibility to infection, nasal diphtheria, fre- 
quent attacks of grippe and other disorders being not uncommon. The slow on- 
set of the disease clinically recognizable as scurvy constitutes an added danger to 
the young. The symptoms of frank scurvy may never develop, yet the child may 
have undergone a period of specific malnutrition with resulting dystrophies and 
with no clinical manifestations of deficiency other than a subnormal state of health. 
We have shown that in animals scurv)’’ may exist in a latent or sub-acute form 
without the manifestation of clinical signs and symptoms. Even very small 
variations in the amounts of antiscorbutic received were followed by a very marked 
effect upon the tooth structure. The specific degeneration of the bone-marrow m 
infantile scur^’^’•, thus preventing normal ossification, no doubt has its counter- 
part in the atrophy or degeneration of the pulp and dentine-forming cells of the 
tooth with resulting imperfect dentine formation. This is only to be expected at 
least during the formative period of the teeth, in view of the similarity of the 
disease in guinea-pigs and man. 
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Thus, partial antiscorbutic deficiency during lactation or in the diet of artifi- 
cially fed infants may bring about an incipient scurvy, characterized by a sub- 
normal state of health not clinically recognizable as scurvy but sufficient to cause 
dystrophies in the bones and teeth particularly during the formative period. 

The specific needs of the pregnant animal for vitamin C and the effects upon 
the teeth of both the mother and the offspring of a partial deprivation of this 
vitamin during pregnancy have been demonstrated in our earlier investigations 
(Day, 1933). 

The following investigation was designed to study the effects of a complete 
deprivation and of a partial deficiency of the antiscorbutic vitamin upon the body 
organism and dental tissues of the mother and offspring during the lactation period. 
Particular attention has been given to the rate of tooth growth, the mineral content 
of the bones and teeth and microscopic pathology of the dental tissues. 


Experimental data. 


From a very large group of virgin female guinea-pigs 30 were finally chosen 
for the initial portion of this investigation. The animals were divided into seven 
groups as follows ; — 

I. 6 lactating animals on basal diet alone. 

11. 6 lactating animals on basal diet -fi 2 c.c. orange juice daily. 

III. 6 lactating animals on basal diet -f 8 c.c. orange juice daily. 

IV. 3 lactating animals on basal diet + cabbage and lettuce. 

V. 3 non-lactating animals on basal diet alone. 

VI. 3 non-lactating animals on basal diet -f- 2 c.c. orange juice daily. 

VII. 3 non-lactating animals on basal diet -fi 8 c.c. orange juice daily. 


These animals with the addition of the 2 young from each mother in groups 
I to IV made a total of 72 animals in the seven main experimental groups. The 
experimental period for each of these animals was 20 days. 

In addition, a subsidiary series of IG mothers, each with two young, was used 
to obtain tissue sections for microscopy under varying degrees of antiscorbutic 
deficiency and over various periods of time ranging from 22 to 56 days. Including 
non-lactating controls the number of animals used for this portion of the investi- 
gation was, therefore, upwards of 120. 

Although some difficulty was experienced in view of the difference in time 
necc,>!sary to effect succc.ssful impregnation an effort was made to keep the averaf'e 
weight variation of the animals, chosen for the experimental groups, as low as 
possible and within reasonable limits at the end of the gestation period. In 
order to eliminate anotlicr possible source of errors the number of young suckled 
by the mothens in each group was limited to two in each instance. fhu.«, the 
nutritive burden of each mother was as nearlv as possible the .same The voun^ 
also wore chosen from the litters ndth a mew to keeping their weight variation al 
low as possible. 


The work of Donclson d al (1931) indicates that there is a greater possibilifv 
of a negative calcium balance at the close of the second lactation than at the end 
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of the first. The danger of this variant entering into oirr results vas circumvented 
by the use_ of virgin females throughout our groups so that all were haAdng their 
first lactation. 

The lactation period in guinea-pigs is approximately 25 to 30 days. Results 
of some trial experiments indicated that it would he impossible to sustain life 
under lactating conditions in a complete series on the chosen amounts of antiscor- 
butic for^ a period much longer than 20 days. This period of time was, therefore, 
used arbitrarily for the main series, in order that the mothers and jmung might be 
maintained on various vitamin C deficiencies for a uniform period for each group 
of the series. 

The basal diet was designed to fulfil the two fundamental conditions, namely, 
^that it must be quite free from antiscorbutic and must be in all other respects a 
complete dietary. The following basal ration was used : — 

Grammes. 


Rolled oats (ground) ... ... 29‘5 

Skim milk powder ... ... 30’0 

Wheat bran ... ... ... 29‘5 

Sodium chloride ... ... ' ... TO 

Butter (freshly churned) ... ... 9‘0 


The milk poAvder was heated at 110°F. for three hours in shallow trays and 
stirred frequently. The ration was mixed in small quantities and stored in the 
ice-box. 

In order to rule out the possibility of a deficiency of the A and D 
vitamins each mother (Avith the exception of those receiving cabbage) received 
1 c.c. of cod-liver oil daily by mouth through a medicine dropper. In order to 
improA’-e intestinal function thin strips of filter-paper were given with the ration 
and eaten readily. A Autanun E supplement was also given in the form of 
wheat-germ oil prepared by ether extraction and condensation. 

Freshly extracted orange juice was administered daily directly into the 
mouth by pipette in graded doses as shown in Table I. For the purpose 
of obtaining growth curA^es all animals were weighed daily. 

The upper and lower incisor teeth were marked by means of an ampoule file 
at the beginning of the 20-day experimental period and the growth measured 
twice during the lactating period. The average incisor groAvth per day for each 
group Avas thus obtained. The teeth of the three non-lactatmg controls for 
each group were likeAvise marked and measured and an average growth figure 
obtained. 

At the end of the 20-day experimental period all the animals AAere chloro- 
formed. 

Radiographs were taken of the front chest wall, long bones and mandibles 
of representatiA’'e animals of the A^'arious groups for purposes of comparison. 

At necropsy sections were made of the mandibles, ^ costochondral junction 
of the ribs and the knee-joints. One half of each mandible was dissected , 
fixed in ^fullers’ solution, decalcified Avith nitric acid and embedded m para n. 
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Sections were tlien cut at riglit angles to tlie longitudinal axis of the mandible 
through, or just anterior to, the first molar tooth, and stained with hsematoxylin 
and eosin. Sections from each of the 72 animals comprising the various groups 
were examned microscopically and photomicrographs made of representative 
sections from animals in all groups. 

The femur and the incisor tooth {from that half of the mandible not 
used lor sectioning) were then ashed and the percentage of mineral content 
calculated in each instance for both mother and young and similarly for 
the non-lactating animals. 


Results and discussion. 

This experiment was designed with the object of investigating the effect of 
an absolute and relative antiscorbutic deficiency not only upon the lactating 
mothers but also on the young which were entirely dependent upon the mother’s 
milk for their vitamin C supplj*. 

As in the earlier work on pregnane)' particular attention was given to the 
effect on the dental tissues ; but the opportimity was also taken to study the effect 
of this specific deficiencyon the body-organism as a whole. Our results leave 
no room for doubt that the specific needs of the organism for antiscorbutic 
vitamin during the lactation period are equally as great as during the period 
of gestation. 

Growth curves . — The weighing of the animals daily enabled us to obtain reli- 
alile growth curs'es. 

Table I summarizes the average weights (in grammes) of the mothers in 
groups I to IV immediately after parturition, the final weights in grammes, the 


Table I. 
Mothers' weight. 


Group. 

Diet. 1 

■ 

1 

Number ^ 
in group. 

Avemge 
weight .utter 
parturition 
(gr-urames). 

1 

Fin.ul weight 
(grammes). 

Average 
weight loss 
(grammes). 

Pereentag 
weight los 

I. 

only 

a 20 

025 

•131 

191 

30-.', 6 

11. 

Ba^^al -t- 2 c.c. 
oranpe juice. 

0 , 20 

■ 

‘ oia 

■107 

110 

15*02 

• 

in. 

Ka'^al - S c.c, 
oranco j'viice. 

0 20 

; 632 


SI 

12-S2 

IV. 

Bi'iil preon'; 

.•! 20 

0^0 


33 

.•;-03 


•'N 


I 
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average weight loss, and the percentage weight loss. It will be seen that 
the average and percentage weight loss during the experimental period of 20 
days’ lactation was inversely proportional to the amount of antiscorbutic 
administered. 

Table II summarizes for groups I to IV the average weights of the young at 
birth, the, final weights, the average weight gain and the percentage weight gain. 
It is noteworthy that in the case of the young the weight gains are directly pro- 
portional to the amount of antiscorbutic received by the mothers. The mother’s 
milk was the sole source of vitamin C. It is assumed, therefore, that vitamin C 
was secreted into the milk of the mother in approximately the same ratio in 
which it was administered to her by mouth. Even when the mdther received 
8 c.c. of antiscorbutic in the form of orange juice, normal growth was not 
maintained by the young animals. This is evident from comparison of the 
^owth figures for group III, and the control group IV which received greens 
in addition to the basal ration. 


Tab7,-e II. 


Weight of young. 


Group. 

I 

Diet. 

Number 
in group. 

Days. 

Average 
weight 
at birth 
(grammes). 

Average 

final 

weight 

(grammes). 

Average 

weight 

gain 

(grammes). 

1 Percentage 
j weight 
[ gain. 

1 

I. 

1 

Milk of group I 
mothers. 

8* 

20 

1 

87 

1 

145 

1 58 

1 

( 

j 66-67 

1 

II. 

Milk of group II 
mothers. 

11* 

20 

84 

147 

1 

63 

1 75-00 

III. 

Milk of group III 
i mothers. 

11* 

20 

1 

82 

164 

82 

100-00 

IV. 

Jlilk of group IV 
mothers 
(greens). 

0* 

i 

20 

* 95 

250 

155 1 

163-16 


* Only those animals are included which were maintained on uniform diet for the full e.\pen- 
mental period. The diet of some was varied or they were transferred to mothers of other groups in 
order to note the effect of such change or to obtain special tissue sections for microscopy. 


The weight figures for these four groups are given in detail in Tables III, IV, 
V and VI. In order to obtain tissue sections for microscopy under varying 
conditions several animals were transferred to other groups for various periods 
or were given a different antiscorbutic dosage. 
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Table III. 


Series 80. Guinea-pigs on basal diet only. 


Animal 

number. 

JIothee’s. 

First yousg. 

Second young. 

JIother’s incisor 

GROWTH PER DAY 
(MJI.). 

Initial weight 
(grammes). 

1? 

s 

- s 

I Si 

Weight loss 

(grammes). 

Initial weight 
(grammes). 

Pinal weight 
(grammes). 

Weight gain 
(grammes). 

"to 

? o 

s 

1 1 
*.13 Li 

•£3 

*-{ 

If 

^ S 

2 c 

.3 ^ 

X 

o 

a 

^ E 

to a 

Ml 

Uppers. 

Lowers. 

31 

575 

419 

156 

63 

110 

47 

63 

124 

61 

0-262 

0-275 

21 

545 

342 

203 

66 

96 

30 

66 

133 

67 

0-212 




447 

188 

100 

182 

82 

99 

162* 

63 

0-212 

0-212 

17 



175 

110 

171 

61 

62 

105* 

43 

0-263 


16 




113 

210 

97 

91 

191* 

100 

0-25 


14 

695 

369 

326 

110 

140 

30 

96 

141* 

45 

0-187 

0-200 

Average ... 

625 

434 

191 

u 

M 

m 

■B 



0-239 


Percentage w 

eight 

Percentage weight 







1 loss 30*50 

gain 60'64 

1 






* Omitted from calculation, cf. Table II (footnote). 


Table IV. 

Series 80. Guinea-figs on basal did + 2 c.c. antiscorbutic. 


Animal 

number. 

j Mother’s. 

t 

1 

1 First young. 

1 

Second voenc. j 

Mother’s incisor 
grow-th per D.tY 

(3IM.). 

1 , 

Initial weight 
(grammes). 

I'iiial weiglit 
(grammes). 

T 1 

tr • 

P X 

I ^ M 

, 

Initial weight 
(grammes). 

' ^ 

to X 

1 -2 5 

S 

*s 2 

5d o 

S 1 

"tC rt 

:= . i 

P ^ ' 

~ s ; 

•r M 

t 

'7* ^ 

.2 M , 

M L [ 

^ § ! 
'm e; i 
? M i 

; 

1 

i 

1 

Uppers. 

1 

i 

Lowers. 

() 

-100 

4-28 . 

71 

63 

' 106 

43 

' 62 

140 

78 1 

0-272 ' 

0-272 

O 


496 ' 

59 

SI 

106 

25 

' 71 

lOS 

37 j 

0-231 

0-231 

30 

588 

320 ’ 

; 268 

1 

142 

68 

68* 

[ 140 

72 ^ 

1 0-235 ■ 

0-250 

26 

660 

.582 

1 

i 88 

138 

50 

' "1 ; 

[ 157 

SO ; 

I 0-224 

0-250 

23 

< LO 

660 

56 

: 1-21 

200 

79 

101 ' 

18S 

« i 

0-250 

0*27G 

n 

660 

400 

j 161 

103 

187 

84 

94 

' IGl ! 

1 

! 07 

1 ; 

1 0*200 ' 

0-237 

Averapt' ... 

1 

013 ‘ 

497 

j 116 

1 

1 S8 

1 1 
146 ’ 

1 

r.s 

i 

SO 

! 

i 149 1 

i 

CO I 

! 0-235 

1 

I 

1 0*253 


IVrccntncr vricbl 

I’l-reent.aeo weicht 

IVrccntace ucieht ' 




1S*0‘. 

> 

cain 65-91 

pain 86-0 


1 

1 



• Omitted from c.alculation. cf. Table 11 (footnote). 
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Table V. 

Series 80. Guinea-pigs on basal diet + 8 c.c. antiscorbutie. 


Animal 

number. 

Mother’s. 

First young. 

Second young. 

Mother’s incisor 

GROWTH PER DAY 

(mi.). 

^ * 

CJ CJ 

^ a 
3 1 

•S3 

l-H 

1 

1 

f 

1 I 

S 2 
.a to 

Weight loss 
(grammes). 

Initial weight 
(grammes). 

Final weight 
(grammes). 

Weight gain 
(grammes). 

Initial weight 
(grammes). 

Final weight 
(grammes). 

Weight gain 
(grammes). 

Uppers. 

Lowers. 

o 

750 


42 

91 

211 


89 

214 

;2o 

0-145 

0-237 

28 

575 


173 

68 

96 

28 

66 

91 

25 


0-276 

18 

656 

525 

131 

88 

, 157 

69 

86* 

117 

31 



13 

623 

615 

8 

83 

1 186 


79 

189 

110 

0-275 

0-287 

22 

568 

419 

- 89 

88 

147 

59 

81 

124 

43 

0-200 

0-237 

29 

620 

578 

42 

93 

208 

115 

75 

181 

I 

106 

0-287 

0-350 

Average . . . 

632 

551 

81 

85 

167 

82 

78 

160 

■ 


0-282 









(5) 

■ 




Percentage weight 

Percentage weight 

Percentage gain 




loss 12-82 

gain 9^6’47 

(5) 105-1 




* Omitted from calculation, cf. Table II (footnote). 


Table VI. 


Series 80. Guinea-pigs on basal diet + cabbage and lettuce ad lib. 


Animal 

number. 

Mother’s. 

^ First young. 

t 

Second y'Ouno. 

Mother’s incisor 

GROWTH PER DAY 
(MSI.). 

Initial weight 
(grammes). 

Final weight 
(grammes). 

Weight loss 
(gramnies). 

Initial weight 
(grammes). 

Final weight 
(grammes). 

Weight gain 
' (grammes). 

Initial weight 
(grammes). 

Final weight 
(grammes). 

Weight gain 
(grammes). 

Uppers. 

Lowers. 

27 

595 

558 

37 

1 

97 

247 

150 

93 

212 

I 

' 119 


0-262 

15 

1 725 

695 

30 

93 

265 

172 

86 

241 

155 

0-239 1 

0-259 

9 

747 

715 

32 

101 

280 

1 

179 

100 

257 

157 


0-329 

Average . . . 

689 

656 

33 

97 i 

262 

167 

93 

m 


0-258 

0-280 


Percentage weight 

Percentage w 

'eight 

Percentage weight 




loss 5-03 


gain 172'16 

gain 154-84 
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Table II includes only tliose animals wbicli were maintained on a uniform 
diet or witli the same mothers _througliout the vrhole’ experimental period. 

The only variant in groups I to III in Table I vas the amoimt of antiscor- 
butic administered and the only variant in groups I to III in Table II was the 
quality or vitamin C potency of the mothers’ milk. The figures indicate the 
marked effect upon the growth of the nursing mothers and upon the young. 



Fig. 1 repre.'jcnt .<5 the growth curves of lactating mothers in a supplemen- 
tary series of animals. A is the average growth curve of three animals maintained 
on the basal diet alone. B is the average growth curve for four guinea-pigs main- 
tained on -1 c.c. nntiseorl>utic. and C the average growth curve for six 'animals 
receiving D c.c. of antiscorbutic. 
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The effect upon the gi’owth of the young is graphically illustrated in Kg. 2. 
Curves A, B, C and D respectively represent the average growth of {A) 
six young animals nursed by mothers receiving no antiscorbutic ; (P) six young 
animals nm-sed by mothers receiving 2 c.c. antiscorbutic ; {C) 10 young nursed 
by mothers receiving 5 c.c. antiscorbutic ; and (D) 11 young nursed by mothers 



receiving 8 c.c. antiscorbutic for the full experimental period. These curves 
show a strikingly similar result to that obtained in the main groups. 

In order to obtain growth cur\’'es of young under varying conditions nwther 
Ifo. 13 was maintained on the basal diet alone and received no antiscorbutn?. 
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Young No. 1 -was nursed by tbe mother until she died on the 24th day. The 
young then subsisted on the vitamin C-free basal diet for a further 16 days uhen 
It also died. The growth cun-e is represented by curve X in Tig. 3 ^ 



Young No. 2 was maintained on the milk of mother No. 13 for 18 davs and 
from then onwards received by mouth a supplement of 2 c.c. of orange juice dailv 
(curve y. Fig. .3). Point A in cvm-e 1' represents the point at winch the nnti- 
scorlnitic supplement wa.s adinimstered. On the 39th day when young No. 1 
died at 9} g. weight, young No. 2. although it had been stead'ilv losincweicht from 
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the 15th day, increased in weight so rapidly from the first dose of antiscorbutic 
that it weighed 177 g. when chloroformed on the 39th day. 

For purposes of comparison of the microscopic tooth picture only three animals 
were used in the non-lactating control groups. This number was too small to 
give reliable growth curves in so short a period of 20 days. However, these animals 
showed an average weight gain in all groups in contrast to the weight loss 
in the lactating groups. 

Tooth growth. 

The teeth of guinea-pigs are of persistent growth. ■ Advantage was taken 
of the fact to measure the growth of the incisors of the mothers in the different 
groups in order to check the relative effect in this respect of various degrees of 
deprivation of vitamin C. 

The incisor growth of non-lactating controls on similar dosages of autiscor- 
butic was also measured. 

The method employed was as follows ; — 

At the beginning of the experimental period both upper and lower incisor 
teeth of each animal were carefully scored with a fine ampoule file at 2 mm. from 
the gingival margin. It was necessary to measure growth from the cervical margin 
in order to eliminate the error which would otherwise arise due to the constant 
attrition and wearing of the incisal edge. 

Measurements were made with very fine dividers after 10 days and again 
when the animals were chloroformed on the final day of the experimental period. 
The measurements for the individual animals are given in Tables III, IV, V and IH. 

For lactating animals these figures are summarized in Table VII. Although, 
as might be expected, there was considerable individual variation, it was found 
that the average growth per day in both the upper and lower jaw was directly 
proportional to the amount of antiscorbutic administered. The average growth 
of the* lower incisors was in all cases greater than that of the uppers. The mean 
average incisor growth per day was, therefore, also proportional to the amount 
of ^dtamin C in the diet. 


Table VII. 


Groioth of incisor [mothers). 


Group. 

i 

Diet. 

i 

1 

1 

Number in 

Average iecisoe 

GROWTH IN 5tM. 

Mean average 
incisor growth 
per day 

group. 1 - 

1 

Uppers. 

Lowers. 

(upper and 
lower). 

I. 

1 

Basal only ... ... j 

I' 

« ! 

0-231 

0-239 

0-235 

II. 

' 1 

1 Basal 2 c.c. orange juice ] 

0 

0-235 

0-253 

0-244 

n:. 

1 

: Basal -i- 8 c.c. orange juice 

6 

0-241 

0-282 

0-262 

j 

^ Basal greens ... 

3 

1 

0-258 

0-280 

0-269 
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These remarkably constant results would thus seem to indicate that the rate 
growth of the incisor teeth of guinea-pigs is a precise indication of the degree of 
scurx’y. 

Three non-lactating controls for each of groups I, II and III showed the 
following average growth rate for the incisors expressed in millimetres per day : — 


Group T 

(no antiscorbutic) 

/ Uppers 
LLowers 

0-236 \ 
0-298J 

Mean average 

0-267 

Group II 

(2 c.c. antiscorbutic) 

1 Uppers 
(Lowers 

0-249\ 

0-305J 

Mean average 

0-277 

Group III 

(8 c.c. antiscorbutic) 

/ Uppers 
(Lowers 

0-264\ 

0-312/ 

Mean average 

0-288 


These animals were approximately the same age and weight as those in the 
lactating groups. It will be seen that the incisor growth rate is again proportional 
to the amount of antiscorbutic received, and, moreover, would appear to be 
significantly greater in the non-lactating than in the lactating groups. From the 
point of view of incisor growth it should, therefore, be reasonable to assume a 
specific response of the teeth to the presence or absence of the antiscorbutic 
vitamin. 

The proportionately reduced growth rate in the lactating as compared with 
the non-lactating groups would appear to indicate an intensified effect of a lack 
of this vitamin during lactation. 

JIiNTSRAI. CONTEXT OF BOXES AND TEETH. 

It was thought that verv little significance would attach to the figures in 
relation to the mineral content of the bones and teeth in the various groups as the 
exjierimcntal period was comparatively short. 

It was, however, decided to ash one femur and one incisor of each of the 
mothers and the young animals. 

Method . — The bones were ashed individually and the incisors of each group 
ashed together and an average taken. 

The femur or incisors to Ije ashed were ])laccd in porcelain crucibles which 
had previously been heated to a constant weight and weighed. 

These were then dried in an incubator at a temperature of lOu'^C. for 8 hours, 
cooled in a dc.siccator for b minutes and weighed, and the weight of dried bone or 
incisor calculated. The organic matter was then burnt off by heating over a 
burner for 30 minutes at a dull red heat until the ash was grev or white. 

This was then removed from the imifllo, cooled in the air for 3 minutes, then 
transferred to the de.«iccator. cooled and weighed. 

The lesults obtained in the \arious groups (u) ba'^al ration onlv ; [b) 2 c.c. 
antiscorbutic; (c) S c.c. antiscorbutic; and (d) in-cens ad Jib. arc set out in detail 
m Tables IX and X. " . 

The avera-ae per cent ash content of the incisors of the three non- 
laeialinu animahs in each group receivint; rcspcctivclv 0 c.c., 2 cc and See 
of anli<corbutie was found to he 78-03. 77-07 .and 77-17. 

a, MU 
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Table XII summarizes the results given in Tables VIII, IX, X and XI : 


Table VIII. 
Per cerii ash. 


No ANTISCOB- 
BT7TIO. 

Mother. 

First 

YOUNG. 

Second young. 

Animal 

number. 

Femur. 

Incisor. 

Femur. 

Incisor. 

Femur. 

Incisor. 

31 

G0-G4 


49-15 


47-53 

... 

21 

Cl •.'id 


47-29 

... 

48-59 

... 

10 

Gl-GG 

... 

47-37 

... 

45-55* 1 

... 

n 

G2-17 

... 

46-29 ^ 


42-79* 

... 

16 

60-02 

1 

45-26 

1 

44-00* 

... 

14 

G2-18 

... 

41-53 

... 

42-06* 

... 

Average 

61*37 

78-16 

46-15 

74-93 

48-06 

... 


Omitted from calculation, cj. Table II (footnote). 


Table IX. 


Per cent ash. 


2 c.c. oka^^ge 
JUICE. 

Mother. 

First young. 

Second young. 

Animal 

number. 

Femur. 

Incisor, 1 

Femur. 

Incisor. 

Femur. 

Incisor. 

6 

00-92 

... 

41-17 


48-25 


2 

61-94 

... 

43*93 I 

1 


40-45 


30 

62-06 

... 

48-12 


48-67* 


20 

57-40 

... 

47-85 


49-29 

... 

23 

59-56 

... 

44-23 


49-01 

... 

11 

56-39 

... 

46-13 

... 

42-78 

... 

Average 

59-71 

77-45 I 

45-24' 

73-71 

45-90 

75-14 


* Omitted from calculation, cj. Table II (footnote). 
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Table X. 


Per cent ash. 


8 C.C. ORA^'GE 
JUICE. 

Mother. 

First young. 

Second young. 

Animal 

number. 

Femur. 

Incisor. 

Femur. 

Incisor. 

Femur. 

Incisor. 

5 

60-2.0 

... 

46-60 


47-09 


28 

60-19 


Si-Sa* 


35-37 


18 

62-31 


43-20 


46-20 


13 

62-33 


49-32 


49-80 


22 

59-88 


41-81 


41-34 


29 

58-72 

... 

.58-77 


51-27 


Average 

60-61 

77-37 

46-87 

75-19 

47-37 

... 


* Omitted from calculation, c/. Table II (footnote). 


Table XI. 


Per cent ash. 


Carbaoe and 
le-ttuce 
ad lib. 

JIOTHEB. 

First young. 

1 

1 

1 

Second 

YOUNG. 

Animal 

number. 

Femur, j 

1 

Incisor, 

Femur. 

Incisor. 

Femur. 

Incisor. 

27 

02-43 


52-19 


51-44 


15 

62-12 


52-29 


51-55 


9 

60-55 

... 

50-27 

i 

52-04 

... 

Average 

61-70 

77-19 

51'3S 

1 73-99 

1 

51-68 

74-60 


Table XII. 
Per cent ash. 





Mother. 

Young. 

Group. 

Diet. 

Number 

of 

animals. 

Femur. | 

i 

Inci'^or. 

Number 

of 

.-inimnl*;. 

Femur. 

Incisor. 

I. 

11. ^ 

in. 

IV. 

only ... i 

t- - r.c. 1 

oranp* jnioe. 

- s C.C. 
or.\ni:c jnicc. 
ll.isil -j pret'n*? ... 
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Antiscorhiitic S)ejicienoy during Lactation. 


On the basis of these figures it would seem that the percentages of total 
minerals in the bones or teeth is in no way proportional to the amount of anti- 
scorbutic administered, and that the effect upon the mineralization of the bones 
and teeth must be qualitative rather than quantitative. It must be remembered, 
however, that the experimental period, namely 20 days, decided upon for reasons 
above stated, was comparatively short and that only tissue laid down subsequent 
to the commencement of t.he exjjerimental period would be affected by the dietar}’^ 
deficiencies. Furthermore, on a diet which is completely scorbutic the tooth 
growth soon decreases, and finally ceases altogether; and owing to pain and 
tenderness in the tempero-mandibular joints and the looseness of the teeth through 
alveolar bone changes the attrition is not nearly as j)ronounced. This would 
explain the observed ’phenomenon of a greater degree of macroscopical softening 
of the molars and incisors in animals on only partially deficifent diets for a greater 
length of time when perhaps the whole dentine had been replaced by a deficient 
product of the odontoblasts and attrition was still active. 



Fig. 4. 


Fig. 4 shows the macroscopic appearance of this dentine-softening occurring 
in a partially deficient animal. The dentine towards the palatal aspect of the 
upper incisor teeth has become of a soft and cheesy consistency and lea lerec 
under the stress of mastication against the enamel-covered edge of the lower in- 
cisors. 

Although it is possible, for reasons already stated, that the total mineral 
content may not be appreciably altered w'ithin the limited experimenta peno 
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of 20 days, yet microscopical examination reveals marked dentine changes and 
faulty calcification probably due to a lack of fusion of tbe calcospberites. 


Microscopic pathology. 


Transverse sections of tbe decalcified incisor roots stained vritb bcematoxyUn- 
eosin were prepared of all lactating and non-lactating animals and tbeir young 
and photomicrographs taken of a number of tbe representative sections of tbe 
various groups. 

A study of the photomicrographs clearly demonstrates the profound effect 
of h 3 qiovitaminosis-C on the dental tissues, and illustrates tbe importance of an 
adequate maternal diet during the period of lactation, not only for tbe protection 
of the mother but also to ensure adequate amounts of vitamin C in tbe milk for 
effective protection of tbe jmung. 

Although the mother’s diet may be only slightly deficient in vitamin content 
the antiscorbutic potency of the milk is proportionally reduced as evidenced by 
the marked scorbutic changes in the dental tissues of the yoimg. Moreover, these 
pathological tissue changes run parallel to the other observed and jjreviously noted 
phenomena of . interference with body-growth and tooth-growth, even in the 
absence of scurvy symptoms, clinically recognizable as such. 

The pathological tissue changes brought about on various deficiencies of anti- 
scorbutic in lactating mothers and their young are illustrated in the photomicro- 
graphs and radiographs on Plates I to VIII. 

Figs, 5 to 11 (Plates I to III) arc photomicrogrnjdis of tissue sections taken 
from guinea-pigs maintained on the basal diet phis b c.c. antiscorbutic in the form 
of orange juice, and from their young under varying conditions. On the basis 
of 3 c.c. for 300 g. body-weight (Sherman's estimate) the amount of vitamin C was 
only slightly deficient. On such slight deficiencies the mother may show no clinical 
evidence of scurvy and at autojisy may apiwar well nom-ished with no signs of 
scurvy and no obseiwablc hemorrhages or increased brittleness of the hard struc- 
tures ; yet microscopical examination of the tcetli of both mother and young shoes 
a condition typical of latent scurv}-. Disorganization of pulp-tissue and disturbance 
and degeneration of both odontoblasts and amcloblasts with consequent defective 
dentine and enamel structure are apparent as evidence of a condition of sub- 
scurvy. 


Fig.s. 12 to IG (Plates III and IV) arc sections from lactating animals (and 
their young) maintained on 2 c.c. antiscorbutic in addition to the basal ration 
This represents approximately -10 per cent of the protective dose and the 
photomicrographs show that degenerative changes are proportionately more 
lirononnccd. 

These photomicrographs prove conclusively that the protection of the vounr^ 
IS dependent upon an adequate supply of protective .<;ubsfance in the diet of the 
lactating mother, that the vitamin C potenev of the milk is dircetlv proportional 
to the amount of antiscorbutic in the mother's diet, and that the effects of 
a deficiency upon the teeth of the young, though perhaps varving in dcfuee namllcl 
very closely those observed in the dental tissues of the mother. " ^ ' 
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Aniiscorhidic -Deficiency during Lactation. 


On t.lie basis of tliese figures it would seem that the percentages of total 
minerals in the bones or teeth is in no way proportional to the amount of anti- 
scorbutic administered, and that the effect \ipon the mineralization of the bones 
and teeth must be qualitative rather than quantitative. It must be remembered, 
however, that the experimental period, namely 20 days, decided upon for reasons 
above stated, was com]3aratively short and that only tissue laid down subsequent 
to the commencement of the exporiniental period would be affected by the dietary 
deficiencies. Furthermore, on a diet which is completely scorbutic the tooth 
growth soon decreases, and finally ceases altogether ; and owing to pain and 
tenderness in the tempero-mandibular joints and the looseness of the teeth through 
alveolar bone changes the attrition is not nearl)’^ as pronounced. This would 
explain the observed phenomenon of a greater degree of macroscopical softening 
of the molars and incisors in animals on only partially deficient diets for a greater 
length of time when perhaps the whole dentine had been replaced by a deficient 
product of the odontoblasts and attrition was still active. 



Fig. 4 shows the macroscopic appearance of this dentine-softening occum „ 
in a partially deficient animal. The dentine towards the palatal aspec o i ^ 
upper incisor teeth has become of a soft and cheesy consistency and ea lere 
under the stress of mastication against the enamel-covered edge of the ov er i 
cisors. 

Although it is possible, for reasons already stated, that the ^ total mineral 
content may not be appreciably altered within the limited experiments perio 



Explanation op Plate I. . 

Fig. 5. A transverse section tlirougli tlie roots of an incisor of a fully protected 
animal. This high-power photomicrograph shows a normal line of 
odontoblasts and of ameloblasts, normal bands of dentine and enamel 
and no pulpal abnormality. The section is from one of the'young 
(chloroformed at 40 days of age) of a mother maintained on the basal 
ration j)his cabbage and lettuce ad lib. At autopsy there were no 
haemorrhages into the ribs, joints or intestines and no brittleness of 
bones or teeth. The initial weight was 62 g. and the final weight 
235 g. (X 100.) 

,, 6. An incisor cross-section from a mother maintained on the basal ration 

2 }Uis 5 c.c. antiscorbutic (orange juice) per diem. The W’^eight at the 
beginning of the jDcriod of lactation wms 535 g. and when chloroformed 
after 30 days the weight was 586 g. On the accepted basis of 3 c.c. 
for 300 g. body-weight the amount of vitatoin C was, therefore, only 
slightly deficient. At autopsy the mother appeared well nourished 
with no symptoms of scurvy and with no observable ha9morrhages or 
increased brittleness of the hard structures ; yet the photomicrograph 
of the tooth section shows a condition typical of latent semry. There 
is considerable disorganization "'of the pulp tissue, irregularity and 
shortening of the odontoblasts and since the beginning of the experi- 
mental dieting period a defective and more lightly stained band of 
dentine has been laid down with bone-like projections into the 
pulp, (x 100.) 

,, 7. An incisor cross-section through the region of the symphysis of the young 

of a mother maintained on 5 c.c. of orange juice in addition to the 
basal ration. This young animal surrdved for only 35 days and the 
photomicrograph shows typical scorbutic degenerative changes in the 
pulp. The odontoblasts have almost entirely disappeared and within 
' the outer band of normal dentine has been laid down a band of irregular 
‘ osteodentine ’ with finger-like projections into the pulp. (X 28.) 

Abbreviations : — e, enamel ; am, ameloblasts ; d, dentine ; Od, odontoblasts ; nd, new dentine; 

p, pulp ; bv, blood vessel ; V, vncuolation ; OZ, odontogenic zone; j, jawbone; 
ic, tomes’ canals ; pb, pulp bone ; Cd, calcific deposit. 
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Explanation of Plate II. 

Fig. 8. An incisor cross-section of a young guinea-pig nursed by a mother 
maintained during lactation on 5 c.c. of orange juice in addition to 
the basal ration. The young n-as chloroformed with the mother on 
the 32nd day after birth. Comparatively normal bands of dentine 
and enamel are shown but the odontoblasts are becoming shortened 
and irregular, (x 210.) 

„ 9. A photomicrograph of an incisor cross-section from the second young 

of the mother described in connection with Fig. 8. Tliis young animal 
was maintained on the mother’s milk during the lactation period and 
thereafter on the basal ration alone until death after 5G days from 
birth. A scur'^’y condition with degenerative changes similar to those 
described in connection with Fig. 7 is shown. Xx 28.) 

„ 10. An incisor cross-section of the second young of another mother of the 
5 c.c, group. The young animal was largely protected during the ^ 
lactation period by the vitamin C secreted in the mother’s milk. The 
mother was chloroformed with the two young after 40 days ; but 
from the 22nd day the second young received a small supplement 
of orange juice (1 c.c. per diem) and showed no clinical or autopsy 
evidence of scurvy. The tooth picture, however, shows a condition 
of sub-scurvy as evidenced by the irregular and defective band of 
dentine. Furthermore, the amcloblast line shows considerable distur- 
bance with irregular masses of abnonnal enamel laid down and some 
aincloblasts enclosed in the irregular deposit. This shows a calcifica- 
tion anomaly somewhat similar in nature to the irregular and amorphous 
masses of dentine laid down in the pulp in sub-scurvy of the 
more severe tj-pe. (x 210.) 

AMrciia/ions :—e, enamel; am, amclobbcis ; d, dentine; Od, wlontobla'-t^ ; nd, nen (ientiiic ; 

Pi pulp : bv, blood a-c«cl ; V, vacuohtion ; OS, odontogenic zone ; j, jaw bone ; 
fc, tomes' can.als; pb, pulp bone; cd, calcific dcpo-it. 
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Explanation of Plate III. 

Fig. 11. An. incisor cross-section of tlie second young of another mother of the 
5 c.c. group. The mother was chlorotormed 30 days after parturi- 
tion. For the first 30 days the 3 mung was obtaining vitamin C from 
the mother’s milk. From that time onwards until death on the 
52nd day it subsisted on the basal ration alone. 

These diet changes are graphically represented in the photo- 
micrograph. The outer band of normal dentine was laid down in 
Ktero, j.c. during the pre-lactation period, the second defective band 
during the period of lactation wlien the animal was partl}^ protected 
and the inner calcific mass which completel.y fills the pulp cavit}-, 
after the 30th day when the animal was completely deprived of 
vitamin C by subsisting on the basal ration alone. The ameloblast 
line is also disturbed and an irregular -calcific mass is laid down in 
place of the normal enamel. On the 52nd day the animal showed 
clinical signs of scurvy with haemorrhagic gums and loosening of the 
molar teeth, and at autopsy marked ha?morrhages into the ribs and 
joints and brittleness of the bones, (x 28.) 


„ 12. A photomicrograph of the mandible and incisor cross-section from a 
lactating guinea-pig maintained on the basal diet pZws 2 c.c. of orange 
juice per diem. This represents approximately 40 per cent of the 
protective dose of antiscorbutic vitamin (Sherman’s estimate), the 
mother’s weight being 522 g. at the beginning of lactation. As in 
the 5 c.c. gi’oup each animal in the 2 c.c. group nursed two young. 
This mother w^as chloroformed after 32 days. The photomicrograph 
shows a condition typical of a partially protected animal. Note the 
thin outer layer of normal dentine laid down before the beginning of 
the experimental dieting on parturition and within that a layer of 
defective dentine deposited by degenerating odontoblasts. The 
odontoblast line is becoming irregular and there is a wide predentine 
and some calcific deposit already appearing within the pulp. At 
necropsy the mother appeared under nourished but there was very 
little hfsinorrhage into the tissues or brittleness of the bones yet 
the degenerative tooth changes were well marked. (X 28.) 

-13. An incisor cross-section of the second young of the mother described in 
Fig. 12 chloroformed with the mother. This shows a tooth picture 
almost identical with that of the mother. Note tlie degeneration and 
irregularity of the odontoblasts, the outer normal band and inner 
defective band of dentine. In all these cases the loose connection 
between the nonnal band and the inner defective band deposited 
during the experimental dietary period i.s ■ -“rent. The two bands 
usually become separated during tlw (X 210.) 


Abbreviations enamel; am, ameloblnsts ; d, clci 
p, pulp ; bv, blood ve.ssel ; V, vacw 
tc, tomes’ canals ; pb, pulp bone ; 


ilastd 

T, 

■enifj 







Plate IV, 






EXPI,ANA170N op PLA’fB IV, 

Fig. 14. An incisor cross-section of the first young of the mother described 
under Fig. 12. This young animal was nursed by the motlier until 
the latter was killed on the 32nd day following parturition, and 
from then until it died on the 46th day subsisted on the basal 
ration alone. This shows a somewhat similar tooth picture to tliat 
of its litter-niatc (Fig. 13) but the degenerative changes are more 
pronounced. The odontoblasts liave become shorter and more 
irregular and are becoming grouped around and in some cases enclosed 
v/ithin calcific deposits in the pulp. At autopsjr the animal showed 
marked evidence of scuiay, hsemorrhage into the ribs, joints a(td 
intestines and brittleness of the bones, (x 210.) 

Figs. 1 15 and 1 6. Incisor cross-sections of t};e two young of another lactating guinea - 
pig of the 2-c.o. group. Fig. 15 shows a tooth picture identical with 
Fig. 13 and is taken from a young animal chloroformed with the 
mother after 33 days of experimental dieting. Fig. 16 is from the 
•second young which -died after 44 days. During the last 11 days, 
i.e. since being deprived of its mother's milk on the 33rd day. 
it had subsisted on the basal ration only. The experimental condi- 
tions, survival times auci tooth pictures of these two animals are almost 
identical with those of the young animals described in Figs. 13 and 
14 respectively. (Fig. 15 = x 28 ; Fig. 16 =- X 210.) 

Abbreviations : — e, cnniucj ; am, ■•miclobl.'ist.s ; d, dentine; od, odontoblasts ; nd, new dentine ; 

Pi ; bv, blood vessel ; V, v.-icnolntion ; OZ, odontopenic zone ; J, jaw bone ; 

Ic, tomes’ e.anals ; pb, pulp bone; ed, e.alcific deposit. 
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Explanation op Plate V. 

Fig. 17. Photomicrograph of an incisor cross-section of a lactating mother main- 
tained since parturition on the basal ration alone, i.e. with no 
vitamin C supplement, until death after 23 days. A typical scurvy 
condition is seen with degeneration of the dentine-forming cells and 
pulp-tissue, (x 28.) 

„ 18. A similar cross-section from the first young of the mother (Fig. 17). This 
young was chloroformed on the mother’s death. The photomicro- 
graph shows a very thin dentine band and some degenerative changes 
in -the odontoblast line ; but in the short period of 23 days these 
changes are not nearly so marked as in the mother, (x 100.) 

„ 19. An incisor cross-section of the second young of mother (Fig. 17). Follow- 
ing the death of the mother this animal subsisted on the basal 
ration alone until it died on the 36th day. Here the degenerative 
changes are well marked. The odontoblast .line has disappeared, the 
dentine band is very thin, and a small amount of calcific tissue has 
been laid down on the margin of the pulp and ha?morrhages have 
occurred into it. The normal ameloblast line has also become 
disorganised and irregular calcific masses have been deposited in place 
of the normal enamel. On the death of the mother this animal received 
a ration of cod-liver oil to ensure a sufficiency of vitamins A 
and D. (X 28.) 

Abbreviations : — e, enamel ; am, ameloblasts ; d, dentine ; od, odontoblasts ; nd, now dentine ; 

p, pulp ; bv, blood vessel ; V, vacuolatfon ; OZ, odontogenic zone ; j,jaw bone ; 
tc, tomes’ canals ; pb, pulp bone ; cd, calcific deposit. 
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Plate V. 
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Explanation of Plate VT. 

Fig. 20. A section through the mandible of the first young of another mother 
maintained during lactation on the basal ration only. The mother 
died after 24 days, and the young survived for 15 days longer during 
which time it subsisted on the basal ration alone with a supplement 
of cod-liver oil. The section shows that normal dentine is no longer 
being laid down and t 3 ^ical scorbutic pulpal changes are apparent. 
At autopsy this animal had a high Sherman score with severe haemorr- 
hages into the ribs and joints and brittleness of the bones and teeth. 
The molar teeth were very loose indicating degenerative changes in 
the supporting structures, (x 100.) 

„ 21. A section from the second young whose litter-mate is shown in Fig. 20. 

This animal lived under identical conditions with the first young 
until the 18th day, but thereafter until chloroformed on the 39th 
day it received a supplement of 2 c.c. orange juice diem. 
The whole tooth picture from pulp to enamel presents a perfectlv 
normal appearance. At autopsy this animal showed a negative 
Sherman score with no hsemorrhages and no looseness of the molar 
teeth. (X 210.) 

The growth curs'es of these two animals (Figs. 20 and 21) have 
been graphically illustrated and discussed (see Fig. 3). 

^ilrciiafions e, cnixmel ; am, amclobhsts ; d, dentine ; od, odontoblasts. ; nd, new dentine; 

p, pvdp : bv, blood vessel ; v, vacuoUtion ; OZ, odontogenic zone ; j, jaw bone ; 
tc, tomes' c.mals ; pb, pulp bone ; ed, calcific deposit. 
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Explanation of Plate VII. 

Fig. 22. A radiograph of a leg fracture which occurred spontaneously in the cage 
and noted as a common occurrence with scorbutic guinea-pigs. 

„ 23. A radiograph of the same fracture (Fig. 22) united by a firm callus with- 
out splinting following the administration of antiscorbutic. 
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Plate VII. 
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Explanation op Plate VIII. 

Figs. 24 aod 25. Radiographs of the mandibles of guinea-pigs maintained on 
adequate diets and various deficiencies of antiscorbutic, iJlustratina 
that bone growth of the jaws and alveolar ridges is directly pror.(.rtfon.a! 
to the vitamin C intake. 
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Antiscorhutic Deficiency during Lactation. 


Figs, 17 and 21 (Plates V and VI) are photomicrographs of sections from the 
group of animals maintained on the basal ration only, i.e. with no orange juice 
supplement. It was found that the lactating mothers could not survive longer 
than 24 days. The young animals on the other hand, when maintained on the 
mother’s milk during the lactation period and thereafter on the basal ration alone, 
survived in some instances as long as 39 days. 

In view of the fact that the young survive longer than the mother with a 
complete absence of vitamin 0 in th.e diet, we might reasonably postulate the 
hypothesis that the young guinea-pig has some inherent resistance due, as in the 
rat, to the ability in some small degree to synthesize ascorbic acid or some precursor 
of vitamin C, such as hexuronic acid in the supra-renals or other tissues, although 
this ability is not possessed by the older animals. Alternatively, it may be due 
to a superior intensity of assimilation on the part of the embryonic tissue during 
gestation and a greater power of storage of vitamin C by the young animals carried 
over into the lactation period. Whatever the explanation of this phenomenon 
it is obvious from photomicrographs of the teeth that it operates only to a limited 
degree. 

From, a study of the photomicrographs here presented and truly representa- 
tive of a very much larger number of sections examined, it is apparent that the 
microscopic tooth picture of both the lactating mothers and their young can be 
altered at will by varying the amounts of vitamin C in the diet of the mother. 
Further, if the vitamin C potency of the mother’s milk is insufficient through faulty 
diet, dental dystrophies may be prevented in the young by the addition of suitable 
amounts of antiscorbutic as a supplement to the milk of the mother. 

That the supporting structures of the teeth including the alveolar bone undergo 
degeneration in addition to the odontoblasts, ameloblasts and general connective 
tissue of the dental pulp is evident from the loosening of the molars in conditions 
of hypovitaminosis-C. 

Scurvy is a disease in which the calcification process becomes abnormal. The 
bones are affected as well as the teeth and decalcification may take place. 


Throughout these experiments it was noted that the legs of scorbutic guinea- 
pigs are apt to break spontaneously, and will not unite even if properly splinted, 
owing to the inability of the animal to form a satisfactory callus. ^ Fig. 22 (Plate 
VII) shows a radiograph of a leg fracture which occurred in a scorbutic 
guinea-pig, and Fig. 23 shows the fracture united by a firm callus following the 
administration of curative doses of antiscorbutic in the form of orange juice, despite 
the fact that no attempt was made to set the limb. 


The effect of hypovitaminosis-C on the jaw and facial bones is equally marked. 
In mature animals it was seen that the alveolar bone becomes thin and porous 
and the teeth loose and irregular with a clinical condition closely simulating chronic 
suppurative periodontitis and with typical pocket and pus formation. 

During the developmental period similar degenerative changes occur and it 
is found that bone growth of the jaws and alveolar ridges was direc% ^oportional 
to the vitamin C intake. This is well illustrated in Figs. 24 and 25 (Plate Vlll), 
which show the relative growth of the jaws of animals on varying amounts of 
antiscorbutic. 
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Scurvy appears to be a capillary disease (Findlay, 1921), the essential patho- 
logical change in scur^T- experimentally produced being the swelling and degenera- 
tion of the capillary endothelium as a result of which the flow of blood through the 
capillaries is retarded and severe congestion follows. This endothelial degenera- 
tion results in damage to the intercellidar substance, and oedema and hsemorrhage 
occur. Stagnation of the blood results in deficient oxygenation of the tissues. 

Although the processes are not yet fully understood it is obvious from these 
studies that vitamin C plays a most important role in general tissue metabolism 
and must be of the utmost importance to the health of all body-tissues. 

In relation to the health of the periodontal structures, Boyle (1938) emphasizes 
what has frequently been observed, namely, that vitamin C deficiency is the only 
nutritional deficiency which produces the characteristic features of the systemic 
type of pyorrhoea in experimental animals. The very high incidence of gingivitis 
and other periodontal diseases obser%'ed in deficient or famine areas such as Ajmer- 
Merwara and Hissar (Day, 1944) where numerous cases of scur^-y have been reported 
may conceivably have its origin at least in part in a condition of hypo\utaminosis-C. 


SmniAHV AND COXCLUSIOXS. 


Following the preliminary investigation of latent scurvy and its relation to 
dental defects, and of the effects of antiscorbutic deficiency upon the pregnant 
organism, this exjjcriniental work was undertaken with the object of investigating 
the effect of relative and absolute hypovitaminosis-C upon lactating mothers and 
their young. 

As in the earlier work particular attention was given to the effect on the dental 
tissues, but the opportunity was also taken to study the reaction to this specific 
deficiency on the body-organism as a whole. 

Our results leave no room for doubt that the specific needs of the organism 
for the antiscorbutic vitamin are equally as great during the period of lactatimi 
as during the gestation period. 


Growth curves indicate that the average and percentage weight lo-^s durinc 
the experimental period of 20 days’ lactation was inversely proportional to the 
amount of antiscorbutic received by the mothers. As the only variable was the 
antiscorbutic potency of the mother’s milk it may. therefore, be a.ssumed tliat 
vitamin C was secreted into the mother’s milk in aiiproximately the same 
in which it was administered to her by mouth. 

Although ns might be expected, there was con.siderable individual variation 
It was found that the average incisor growth per day in Ijoth the upper and lower 
]aw was directly jiroportional to the amount of antiscorbutic adniinistered Tim 
average growth of the lower incisors was in all case.s greater than that of the 

;TE„ 0 I'lte" WfionnI to ,1.' 


Thc.^e remarkably constant results would, therefore, aiipear to confirm 
observation th.at the rate of groMh of (ho incisor teeth of gniL-pirr, h " p ‘ ‘e 
indication of the deurec of .scunw. It ic (herefore rpaertmUTn L ‘ precise 

response of the teeth to the pres'enee or Absence of thV antiscorbutic’ vitamin' 



212 


Antiscorbutic Deficiency during Lactation. 


The incisor growth rate was less in lactating animals than nou-lactating 
animals of the same weight. This would seem to indicate an intensified effect of 
a lack of vitamin C during lactation. 

It is considered that figures showing the percentage of total minerals in the 
bones and teeth are not of particular significance in view of, the short experimenta] 
period, and for other reasons advanced it is thought 'that over this short period 
more importance attaches to the qualitative clianges than to quantitative changes 
in the mineralization of the Imnes and teeth. 

A study of the photomicrographs from transverse sections fljrough the mandible 
and incisor teeth clearly demonstrates the profound effect of hyjiovitaniinosis-C 
on the dental tissues and illustrates the importance of an adequate maternal diet 
during the period of lactation not only for the protection of the mother, but also 
to ensure adequate amounts of vitamin C in the mother’s milk for effective protec- 
tion of the young. Although the mother’s diet may be only slightly deficient in 
vitamin content the antiscorbutic potency of the milk is proportionally reduced 
resulting in marked changes in the dental tissues of the young. 

These pathological tissue changes run parallel to the other observed phenomena 
of interference with body-growth and tooth -growth and occur even in the absence 
of scurvy clinically recognizable as such. 

It is apparent that the microscopic tooth picture of both the lactating mothers 
and their young can be altered at will by varying the amounts of antiscorbutic 
in the mother’s diet ; further, if the vitamin C potency of the mother’s milk is 
insufficient through faulty diet, dental dystrophies and other degenerative changes 
nray be prevented by the addition of suitable amounts of vitamin C as a supplement 
to the milk of the mother. 

The effect of hypovitaminosis-C on the jaws and facial, bones is very marked. 
In mature animals the alveolar bone becomes thin and porous and the teeth loose 
and irregular due to lack of support by the periodontal structures. 

During the developmental period similar degenerative changes occur. Radio- 
graphs show that the growth of the jaws and alveolar ridges is directly proportional 
to the vitamin C intake. 

During vitamin C deficiency characteristic features of the systemic type of 
gingivitis and pyorrhoea occur in experimental animals. In this connection it is 
of interest to note that a very high incidence of gingivitis has been observed in the 
famine district of Hissar where numerous cases of florid scurvy have been 
clinically recognized. 

In the light of these studies it is considered that much of the degeneratipii 
of the oral tissues and bodily ill health has its origiii in specific vitamin deficiencies 
and that scurvy of the latent or sub-acute type is much more common than is 
generally supposed. 

In countries such as India where the dietaries of a large proportion of the 
population in many areas are greatly restricted through ignorance, pover y or 
climatic conditions, the danger of specific deficiencies is very great. ecen . 
investigations undertaken and health measures adojited in the deficient and amine 
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areas of the Punjab have clearly shovn the futility of improving the quantity of 
the diet unless the specific deficiencies are at the same time eliminated. 

Despite the pronounced degenerative changes which have been shown to occur 
in the dentine and enamel of the teeth, there is no evidence to suggest that these 
changes have any relation to the process of dental caries. 
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A.tmeb-Merwara is a separately constituted province in Rajputana vritli a 
total area of 1,562,106 acres. The population according to the Census of 1941 
was 583,693. 

The situation of the province is such that it is beyond the influence of 
the north-west and south-east monsoons. Rainfall is very uncertain and the 
predominantly agricultural population has constantly been faced with difficult 
economic conditions and food shortage. There are records of frequent famines 
from as early as 1661 to 1934-40’ and scarcity of grass, grain and water has been 
an even more frequent occurrence. 

In 1946, at the request of the provincial authorities, the vuriter carried out 
a diet and nutritional survey to stud}* the nutrition problem in the province 
(Shouric, 1946). The following are some of the salient points arising out of those 
surveys ; — 

1. Comparison of the total requirements of different foodstuffs necessary 
to ensure a balanced diet for the population with the statistics of food production 
of the province .shows that Ajmer-Merwara is a deficit province with respect to 
all foodstuffs. 

2. _ Comparison of the cost of a balanced diet for a month with the monthly 
family income also indicates that the major part of the population cannot aflord 
an adequate balanced diet. 

3. Diet surveys carried out in^thc province show that («) with respect to 
caloric value the diets consumed were on the whole satisfactory, and that most 
of the calories were derived from ccre.als. (b) Total protein consumption appears 
to be adequate but the proportion of animal protein is inadequate, (c) Calcium 
intake of most of the groups studied was below the recommended standards. 

( 215 ) 
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(d) Vitamin A consumption in all the 'groups studied is very inadequate. 

(e) Vitamins and B 2 group contents of the diets are adequate, as the diets are 
based on whole wheat and pulses. (/) Both the urban and rural diets 'were very 
deficient in their vitamin C content as very little raw uncooked vegetables or 
fruits were consumed. 

4. Mortality and morbidity : (a) More than 20 per cent of the infants die 
before the age of one year and the infant mortality rate is not declining, (b) The 
mortality rate per thousand for males and females range between OV to 6-84 and 
0-9 to 0-91 respectively. The general experience of those concerned with infant 
welfare and materm'ty work supports the view that much sickness and mortality 
among infants and mothers are due to faulty feeding of both mother and child, 
(c) The annual report of the Chief Medical Officer, Ajmer-Merwara, shows that the 
diseases responsible for most of the sickness are malaria, diseases of the digestive 
system, and eye diseases. Nutrition workers have laid emphasis on the fact that 
malnourishment directly or indirectly affects the incidence of the above-mentioned 
diseases, (d) Nutritional surveys carried out in the area showed : (?) 4 to 6 per 
cent of the children examined suffered from diet-deficiency diseases, and (??’) anaemias 
were very common amongst females during the reproductive period, (e) The 
population of the province is increasing at a very rapid rate, and if the resources 
of the province are not properly supplemented, malnourishment will increase to 
a still greater extent. 

In view of (?) the peculiar situation of the province, (ii) the fact that 
the population has suffered through famines and scarcities, and {Hi) lack of data 
regarding the incidence of dental and paradontal diseases, a survey of the incidence 
of diseases of the teeth and gums was carried out in Ajmer-Merwara. 


Methods of investigation and recording. 

Dental canes.— A detailed dental inspection in which all the available tooth 
surfaces in the mouth were examined using a dental mirror and probe was made 
in the case of each child. The total number of teeth and the number of deciduous 
and permanent teeth were recorded. All extracted teeth were recorded as carious 
except when known to have been lost as a result of trauma, pyorrhoea or extracted 
for some other reason. In recording the extent of caries the classification of Day 
and Sedwick (1934) was employed. 

Presence of deciduous and 'penianent teeth.- — The alphabetical and numerical 
system for charting the respective deciduous and permanent teeth was used. 

In addition, details regarding sex, age and residence (rural or urban) were 
noted. 

Dental fluorosis or mottled ena,mel. — Presence or absence of mottled enamel 
was recorded and Dean’s (1936) system of classification of mottled enamel was 
used. 

According to Dean the seven classes are : (1) normal, (2) questionable, 
(3) very mild, (4) mild, (5) moderate, (6) moderately severe, and (7) severe. 
Brown stain begins at the ‘ moderate ’ stage. 
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The following groups were studied : — 






Number of 

Group. 

Kural or urban. 

Name of institution. 


persons 

examined. 

1 

Rural (children) 

Primary School for boys 
(Gobind Garb). 

‘ 

281 

A 


iliddlc School for boj's 





(Pisangan). 



3 


Government Girls’ School 


53 



(Pisangan). 



4 

Urban (children) 

Government High School for boys 




(Ajmer). 


387 


5 


JIunicipal Schools for boys 





(Ajmer). 



6 


llayo College for boy.s 


145 



(Ajmer). 



7 

Urban (adults) 

Longia Hospital for females 




(Ajmer). 


129 


8 


Slatcrnitv Home for females 




% 

(Ajmer), 

> 


0 

Rural (adults) 

B. B. & C. I. RIy. Workshops, 


161 


males (Ajmer). 



Tot An 

1,150 


Results of rNm:sTiGATiox. 

In Table I is given the incidence of dental caries amongst school children in 
Ajmcr-JIcrwara. In Table II is recorded the percentage of freedom from caries, 
number of cavities per child and average caries figure for various comparable groups 
examined in India and the United States of America. Table III compares dental 
caries in rural and urban children. Table IV shows incidence of dental caries in 
the lifayo College students. Table V gives figures for caries in adults in Ajmer- 
Merwara. 


DISCUSSIO^•. 

Table I shows that 50-2 per cent of the children in Ajmer-Merwara were free 
from carie.s. In similar surveys carried out in other parts of India (Sliourie. 1012, 
lOlG) freedom from caries was found to be -l-To and 39-S per cent. The percentage 
of freedom from caries in the present group is higher than previouslv met with. 
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Table 1(a). 


Dental caries in children in Ajmer-3Ierwara 'province. 


Age in 
years. 

Number ^ 
‘ of 

children. ■ 

1 

Percentage 
free from 
caries. 

Deciduous teeth. 

Pekjianent teeth. 

All teeth 
percentage 
carious. 

Number. 

Percentage 

carious. 

Number. 

Percentage 

carious. 

5 

4 1 

50-0 

70 

8-5 

14 • 

0-0 

7-1 

6 

15 

53-3 

263 

12-1 

89 

3-3 

9-9 

7 

46 

58-7 

696 

^11-2 

412 

0-2 

7-1 

8 

54 

56-5 

733 

8-3 

566 

1-6 

5-1 

9 j 

87 

59-7 

1,089 j 

7-8 

1,020 

1-2 

4-6 

10 

1 

111 

54-9 

1,107 

9-3 

1 1,511 

1-1 

4-8 

11 

97 

59-5 

563 

15-2 

1,931 

1-5 

4-5 

12 

86 

60-4 

376 

9-5 

1,850 

2-2 

3-5 

13 

61 j 

73-7 

96 

8-3 

1,571 

' 1*0 

1-9 

14 

47 

72'3 

64 

9-3 

1,132 

1-6 

2-5 

15 

37 

64-0 

25 

16-0 

1,007 

3*3 

1 

3-6 

16 

15 

80-0 

0 

0-0 

399 

1-5 

1-5 

17 

2 

100-0 

0 

0-0 

56 

0-0 

0-0 

18 

0 

83-3 

0 

0-0 

171 

0-6 

0-6 

Total , 

j 

068 

59-2 

1 

... 

... 

... 

... 


Table 1(b). 


1 

1 

Total number j 

Percentage 
of teeth 
carious. 

j Extent of c^veies. 

Average 


of teeth. j 

1 

2 

i 

3 

4 

figure. 

Deciduous 

1 

5,082 

10-1 

no 

232 

61 

103 

0-23 

Permanent 

11,829 

1-6 

162 

21 

6 

8 

0-021 


altliouglx Day (1944) found 74-2 per cent of chndren bee from dental decay 
in Hissar (Punjab). In that surv^ey a group of clnldreu of an average age of 
approximately 12 years was examined. In Table II figures obtained in the 




K. L. Shourie.. 


219 


present investigation are compared with those arrived at by Day (1940, 1944) 
and Day and Sedwick {loo. cit.) in various investigations in In^a and in the U.S.A. 

Table II. 


Comparison of groups in the U.S.A. and India. 


Group. 

1 

1 

1 

; Names of 

investigators. 

1 

Number of 
children. 

Average ago. 

Children 
caries free, 
per cent. 

Number of 
cavities pec 
child. 

Caries 

index. 

Rocliestcr (U.S.A.) 

Day and Sedwick {193-1) 

433 

12-94 

0-2 

21-70 

0-S3 

Lahore (India) 

Day and Tandan (1940) 

750 

13-58 I 

5-95 

5-74 

0-21 

Hissar (India) 

Day (1944) 

314 

11-87 

74-2 

0-02 

0-02 

Ajmer-Merwara (India) 

Shourie (1947) (present 
investigation). | 

244 

11-85 

03-5 

0-91 

1 1 
i 

O-OG 


It is interesting to note that the Ajmer-SIerwara group shows less freedom 
from caries, a greater number of cavities per child, and higher average caries figures 
than the Hissar group, and quite the opposite compared with the other two groups. 
It may be added that Hissar district like Ajmer-Merwara province is also a famine- 
stricken area. Day conducted a study of dental and paradontal diseases during 
the second year of acute shortage of food when famine was declared. The 
difference in incidence of caries may be accounted for by the fact that the popula- 
tion examined in Hissar (Punjab) was more rural than that in Ajmer-Jferwara. 

The low incidence of dental caries in famine-stricken areas fails to accord 
until the theories purporting to explain caries in terms of dietar}* factors. 
According to modern standards of nutrition the diets consumed in Ajmer-Jlcrwara 
arc, even in years when there is no famine, unbalanced and during times of scarcity 
would be much more so. The population of Ajmer- Jlenvara suffered from food 
shortage for a period of two years or more (193S-dO) and, if not all, most ol the 
children examined must have lived under famine or sub-famine conditions for 
considerable periods. If the dental caries process is directly affected by quantita- 
tive or qualitative nutritional deficiencies a reasonable k'pectation would have 
been a much higher caries incidence in the groups examined in the present 
investigation. 

The Hissar (Punjab) and Ajmer-Merwara districts have certain features in 
common. The population in both districts is subsisting on very ill-balanced diets 
and both arc potentially famine areas with periods of famine regularly recorded 
Diet surveys in both districts show that the diets are preponderating' in cereals 
and are inadequate in animal proteins, calcium, vitamin A and ascorbic acid The 
somewhat higher caries incidence in the Ajmer-Merwara group may be e.xplained 
by the fact that it is more urban than the Hi.ssnr group. Despite this variation 
m cario.s incidence both groups show an extrcmelv low susceptibilitv to dental 
caries on the basis of comparison with other coimtrics aud even with other districts 
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in India, These considerations lend support to the view of Day (1940) that 
‘ a diet nutritionally sound according to our modern concept has little if any bearing 
on caries immunity 

Furthermore, both Ajmer-Merwara and Hissar (Punjab) are endemic fluorosis 
areas. In the present, Ajmer-Merwara investigation data was also collected 
regarding the incidence and degree of mottled enamel and the results show that 
61 per cent of the persons examined showed definite mottling. 

In earlier investigations in this country (Day, 1940 ; Shourie, 1946) a lower 
incidence of dental decay was recorded in children showing mottled enamel than 
in those showing no mottling of the teeth. 

The very high freedom from dental caries met with in the group under study 
may be due in part to local or general efiects of fluorine ingestion and in part to 
the physical nature of diet. 

In Table III a comparison is made of the incidence of dental caries in rural 
and urban children in Ajmer-Merwara. There is no marked difference in the two 
groups though the percentage of total teeth carious and average caries figure show 
some advantage for the rural gi'oup. The differences in the two groups are not 
as clear cut as were found in rural and urban children in the Delhi province. 

Table Ill(a). 


Dental caries in rural and urban children, Ajmer-Merwara. 


Age in years, j 

Rural or urban. 

Number 

of 

children. 

i 

Percentage 
free from 
caries. 

Deciduous teeth. 

Peemanent teeth. 

-All teeth 
■ percentage 
carious. 


Percentage 

carious. 

Number. 

Percentage 

carious. 

1 

f 

R 

4 



8-6 

14 

0-0 

8-5 











1 

1 

U 

... 

... 

... 

... 

... 

... 

... 


f 

R i 

8 


127 

20-4 

59 

3-3 

15-0 

6- 

1 










u 

U 


57-1 

13G 

4-4 

30 

3-3 

4*1 


r 

R 

21 

66-6 

321 

8-0 

183 

0'6 

i 6-3 

7- 

1 , 

li 

u 

25 

42-0 

375 

13-8 

229 


8-6 


ri 

R 

19 

42-1 

254 

11-0 

203 

■■ 

6-7 

8- 

1 

U 

35 

62-8 

479 

6-8 

363 

0-0 

4-2 



R 

45 

62-2 

575 

6-6 

513 

i 1-9 

4-4 

9- 


U 

42 

67-1 

514 

9-1 

507 

0-0 

4-8 

1 

1 

fi 

R 

47 

53-1 

470 

11-9 

693 

0-9 

5-2 

ioj 

1 

1 

U j 

64 j 

56-2 

637 

7’a 1 

018 

J-4 

3-9 
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Table in(ff) — concld. 


1 

E 

e3 

o 

5 

L< 

Kumber 

of 

cliildren. 

Percentage 
free from 
caries. 

Decidtjous teeth . 

1 

■ PERSIA^'ENT TEETH. 

All teeth 
])crcentage 
carious. 

•S 

O 

to 

0 

c; 

t-, 

« 

Kumber. 

Perccntajtc 

carious. 

Kumber. 

Percentage < 
carious. | 

r 

R 

30 

53-8 

322 


803 

1 

1 1*0 

5-8 

IM 





HHH' 



3-9 

1 

U 

58 

83-7 

241 


1,268 

1-4 

f 

R 

20 

75-0 

181 


593 

1-8 

2-1 

12 ] 








4-2 

1 

i "" 

57 - 

52-G 

215 

14-4 

1,257 

2-4 

( 

1 R 

18 

83-3 

SO 

2-0 

441 

1-3 

1-2 

13J 



1 





8-4 

1 

i u 

43 

89-7 

4(5 

4-7 

, 1,130 1 

1 

f 

R 

10 

78-0 

32 

0-0 

4S0 ' 

1 

I'O 

0-9 

14 1 









1 

U 

28 

87-8 

32 

16-6 

840 

2-1 

' 2-8 

f 

R 

21 

81-0 

21 

14-1 

582 

3-2 

3-0 

15 ( 









1 



43-7 

4 

25-0 

445 

3-5 

3-8 

f 



86'6 

0 

0-0 

188 

2-9 

2-9 










1 



88-8 

0 

0-0 

231 

0-5 

0-4 

f 

R 





... 

1 

... 

174 









1 

U 

2 

100-0 

0 

0-0 

56 

0-0 

0-0 


R 

6 

80-0 

0 

0-0 

143 

0-7 

0-7 

18 - 










U 

1 

100-0 

0 

0-0 

28 

0-0 

0-0 


DccuIvioub 


Table 111(6). 



1 Total number 

1 

! PercenUago ; 
1 of teeth 1 
1 carious. 1 

, I 

Extejct or ciiRiES. j 

Average 


i of teeth. 

1 

<> 

3 

-71 

caries 

figure. 

f 

2,403 

i ”•' ■ 

52 

123 

10 

44 : 

0-21 

\ u 

2,079 

10-1 

58 

109 

45 

59 ■ 

0-24 

/ "" 

4,721 

1-8 

70 

3 

4 

1 

0-019 

1 u 

' 7,10s 

. 1 

92 

IS 

.t 

7 

0-022 


I’crmancnl 
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In Table IV is given the incidence of dental caries in a group of children of 
families of very high social status and of Indian princes. In the following figures 

Table IV(fl). 


Dental caries incidence in Mayo College students, Ajmer city. 


Age 
groups 
in years. 

Number 

of 

persons. 

Percentage 
free from 
caries. 

Deciduous teeth. 

Peemahent teeth. 

All teeth 
percentage 
carious. 

Number, j 

Percentage 
carious. i 

Number. 

Percentage 
carious. ' 

5 to 9 

i 23 

66-0 

310 

6-4 

246 

4-0 

5-4 

10 to 15 

I 64 

56-2 

193 

12-2 

1,494 

2-6 

3-3 

16 to 20 

45 

51-1 

15 

'** 

1,298 

4-2 

5-3 

21 to 30 

10 

60-0 

... 

... 

298 

11-6 

3-6 


Table IV(&), 


1 

Total number 

Percentage 
of teeth " 
carious. 

Extent of oaeies. 

Average 

caries 

figure. 

i 

of teeth. 

1 

2 

3 

4 

j 

1 

Deciduous 

518 

1 7-1 

1 

12 

12 

6 

CO 

0T6 

Permanent 

3,330 

3-5 

69 

[ 36 

! 9 

13 

0-062 


for the 10 to 15-year age group are compared with the figures of similar age groups 
from Ajmer-Merwara : — 


1 

! 

Name of institution. j 

Number 

of 

children. 

Age. ; 

Children free 
from caries, 
percentage. 

Number 

of 

cavities. 

Average 

caries 

figure. 

Mayo College (Ajmer) ... 

64 

10 to 15 

66-2 

0-91 

0-065 

Other schools (Ajmer-Merwara) 

439 

10 to 15 

61-5 

0-95 • 

0-07 


The results show that though freedom from caries^ is greater in children of 
the lower economic group the number of cavities per child and the average can^ 
figure is a little lower in the better-class group. This obse^ation lends support 
to the view that ‘ economic status has little influence on the development of dental 
caries’ (Shourie, 19-11). 
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In Table V is recorded the incidence of dental caries in adults in Ajmer- 
Menvara. The degree of freedom ranges between SSA to 100 per cent in the various 
age groups. It is of interest to compare these figures with results of the examina- 
tion of adult groups in other countries. Clinical dental examination of 1,047 
naval officers and enlisted men of the United States Navy by Schlack (1940) 
indicates that the prevalence of past and present caries obsen’^ed on initial 
examination is of the order of 24 permanent tooth areas per man. Klein (1941) 
records that of 642 military recruits aged from 21 to 35 years, only 97, i.e. 15‘2 
per cent, satisfied the dental requirements for full milita^ serrdce and the selected 
group showed that per man 0'7 teeth were sufficiently carious to require extraction, 
7'1 tooth surfaces required filling, 2'5 teeth had already been extracted, 0‘7 teeth 
required extraction and 9 out of every 10 men required partial dentures or bridges ; 
corresponding figures for the remaining 545 men were 2'4, 7*6, 13'0, 2"4, and 9 
out of every 10 men required full or partial dentures. 


Table V(a). 

Incidence of dental caries in adtilts in Ajmer-Mcrwara. 


Age 
groups 
in years. 


10 to 20 


21 to 30 


Sox. 




51 


:u to to 1 I 

I 


■II to 50 


f' 


51 


fl r 

51 to 00 - 

i 


Number 

of 

persons. 


2S 

11 

07 

•13 

30 

GO 

3 

37 

1 

10 


Deciduous teeth. 




39'3 
35-4 

04-1 
72-1 

5G'fl 
70-0 

CG-0 
S3-S 

100-0 i 
100-0 


■o Pcrecntago 
- ' carious. 

^5 


2 I 


Pehmasent teeth. 


.a 

a 

3 


S21 

333 

7S3 

1,359 

910 

1,8S9 

90 

I.IGS 

32 

310 


Percentage 


1-9 

3- 2 

4- 7 
1-4 

3-0 

1-4 

0-0 

0-7 

0-0 

0-0 


All teeth 
percentage 
carious. 


1-9 

3- 2 

4- 7 
1-4 

3-0 

1-4 

0-0 

0-7 

0-0 

0-0 
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Table' V(&). 


1 

1 

Sex. 

Total number 
of teeth. 

1 

Pcicentago 
of teeth 
carious. 

-Extent < 

or CARIES. 

Average 

caries 

figure. 

1 

2 

3 

4 

Deciduous ... J 

F 



1 

... 


• • • 

1 

1 

M 


1 

1 

... 

... 



r 

r 

1 

2,074 

3T 

34 

1 8 

4 

37 

0-078 

Permanent ... 1 





. 




1 

M 

1 

5,067 

1-3 

24 

1 

7 

21 

0-031 


Miller (1943) in a preliminary survey of the incidence of dental caries in Great 
Britain published statistics regarding the average number of teeth missing, 
requiring extraction, requiring filling, filled and sound, of British army recruits at 
enlistment and these figures were tabulated according to age. The groups ranged 
in age from 18 to 30 years and each contained over 100 men. In the folloTsdng 
are given values jjer mouth for the 18- and 30-year age groups ; — 


Age. 

Teeth 

missing. 

Requiring 

extraction. 

Requiring 

filling. 

Filled. 

Sound. 

18 

1 

1 

3'7 

1 

1*2 

1 

' 2-3 

- 0-6 

24-2 

30 

i 11-1 

i 

1 ^'8 

2-1 

0-4 

13-6 


A comparison of figures obtained in this investigation with those recorded 
above show that Indian adults Irlre Indian children show greater freedom 
from dental decay than individuals of similar age in the U.S.A. and in Great 
Britain. 

In Table V is given the incidence of dental decay in adult females and males. 
In this case a fair comparison cannot be made as the males and females belonged 
to two entirely different groups. The females were mostly from mban families, 
while the males who were workers in the Loco Workshops came from rural areas. 
The significantly lower incidence in the male group is probably a geographical 
rather than a sex variation. 


Summary. 

In conjunction with a diet and nutritional survey to study the nutrition problem 
in the province of Ajmer-hferwara an oral survey has been carried out for the 
purpose of obtaining statistics regarding dental and oral diseases. 
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Despite tlie ill-balanced nature of the diet, the preponderance of cereals, 
inadequacy of animal protein, calcium, vitamin A and ascorbic acid, and high 
mortalif^'^ and morbidity figures, the results of this investigation support the opinion 
reached following a similar investigation in Hissar (Punjab) that ‘ a diet 
nutritionally sound according to our modern concept has little, if any, bearing on 
caries immunity 

The finding that 59‘2 per cent of the children examined were free from caries 
fails to accord with the theories purporting to explain caries in terms of dietary 
factors. The possibility of fluorine being an influencing factor in the high degree 
of immunity reported is also discussed. 

Figures are given for caries incidence in rural and urban groups, in groups of 
different social status and in adults in comparison with groups of other countries. 

/ 

REFERENCES. 

Day, C. D. Marshall (1940) . . Bnt. Dent. Jour., 68, p. 409. 

Idem (1944) ... Jour. Amer. Dent. As^oc., 31 , p. 52. 

Day, C. D. Marshall, and Jour. Nvtr., 8, p. 309. 

Sedwick, H. J. (1934). 

Dear, H. T. (1936) ... Jour. Amer. Med. Assoc., 107 , p. 1209. 

Klein, H. (1941) ... ... Pub. Hlth. Pep., 56, p. 1369. 

Miller, R. K. P. (1943) ... Bnt. Dent. Jour., 74 , p. 2S0. 

SCHLACK, C. A. (1940) ... U. S. Pav. M. Bull, 38, p. 90. 

Shoxjrie, K. L. (1941) ... Ind. Jour. Med. Pes., 29, p. 409, 

Idem (1942) ... Ibid., 30, p. 561. 

Idem (1940) ... Ibid., 34 , p. 40. 




Ind. Jour. Med. Res., 35, 3, July, 1947. 


EWECTS OF HEPARIN ON THE ACTION OP THE 
VENOMS OP S01\IE AjMERICAN 
VIPERINE SNAKES. 

BY 

M. L. AHUJA, 

N. VEERARAGHAYAjS!, 

AND 

I. G. K. MENON. 

{From the Pasteur Institute of Southern India, Coonoor.) 

[Received for publication, March 17, 1947.] 

It has recently' been reported Ahuja ct al (]94Gn, 194G6) that heparin 
cflectivei)’’ neutralizes, in vitro and in vivo, the blood coagulant action of the venom 
of Vipcra russrllii (daboia) and to a somewhat lesser extent that of Echis carinntvs. 

The present communication reports the results of experiments on the effects 
of heparin on the action of the venoms* of tlie species of viperine snakes listed 
in Table I, together with the coagulant activdty of their venoms on whole 
blood. 

The heparinf which was used in the present experiments consisted of the 
sodium salt dissolved in physiological saline solution in the proportion of 10 mg. 
per c.c. and representing approximately 110 Toronto Units. 

Action of iietamn on the beooi) coagei^int ACTinry of cf.rtain 

VENOMS in vitro. 

It will be seen from Table I that of the seven venoms tested moccasin venom 
inhibited clotting, while the venoms of B. allcrnalus, B. jararacussu, B. atroT. 
B. cotiara, B. ncuivicdii and Crotalus tcrrificiis were markedly blood coamilaiif. 
In the case of the venoms from the six latter snakes heparin efiectivelv counter- 
acted the coagulant action cither by completely preventing clotting for the 24-hour 


* Oiir tliauks arc duo to the llircctor; of Institute. Butanf.nn. Sto P.mio, Bra 7 .ii. 14r. .Malfran 
Institute. Buenos .\ircs, Walter A Kli7.a Hnll 15e-enrch Institute, .Iu'tr.alia, and M'-’-srH." Shari) A 
Oolime Co., for the tupply of vctionii u-ed in tbe..c c-ViK-rimcnts. ‘ 

t Oht.auied throuph the courtc'V of Mc'-r.-. Eli Lillv A Co, 

( 227 ) 



Clotting time of 1 c.c. of whole blood {sheep) in the presence of the venom of : 
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period of observation or by prolonging the clotting time from a matter of few 
minutes to that of hours, depending on the concentration of venom used. It will 
be seen for instance that (a) 1 mg. of heparin in the presence of O’Ol mg. of 
B. alternatus venom prolonged the clotting time of blood from 3 minutes 10 seconds 
to 23 minutes, which is nearly four times the normal clotting time of sheep blood 
and (6) 1 mg. of heparin failed to prevent the coagulant action of O'OOl mg. of 
this venom although it prolonged the clotting time from 5 minutes 10 seconds to 
over 5 hours. Similar results were obtained with the venoms of the other five 
viperine snakes included in Table I. 

The addition of oxalate or citrate to the blood before the addition of venom 
did not significantly alter the coagulant action of these venoms although the 
clotting time was comparatively increased. 

Action of heparin on the toxicity of certain viperine 
VENOMS in vivo. 

It is evident from the results recorded in Table II that (a) 20 mg. of heparin 
counteracted the toxic effects of 5 mg. of B. allcrnatus venom, representing at least 
20 intravenous minimum lethal doses, and that half this dose of heparin rendered 
inert at least 33 m.l.d. of the venom of B. airox, 10 m.l.d. of the venom of B. jaram- 
cussu and 5 m.l.d. of the venom of B. cotiara ; (b) when the quantity of venom 
injected was increased beyond certain limits heparin apparently failed to counter- 
act the toxic effects of such a hea^y dose ; and (c) heparin failed to neutralize, 
in vivo, the venoms of B. neuwiedii and Crotalvs (erriftcus. 

Table II. 

Venom was mixed with heparin, incubated at Ti°C. for 10 minutes, 
and the mixture given intravenously to rabbits weighing 
about 1,500 g. to 2,000 g. 


Snake venom. 

Dose in j 
mg. 

1 Number of ! 
' ietlinl dose’? | 
1 injected, j 

1 

“ Heparin in 

1 

1 

, Restill, 

t 

1 

r" 0-05 

0-2 i 

.Yi( 

Sur\*ivLMl. 


0-10 

0-4 i 

1 

i ttil 

J, 


: 0-20 

0-S 1 

yn 

1 

! 

1 

0-25 

j 1-0 

1 : 

' DioJ, 10 min. 

alUmatu^ ... ^ 

OV.O 

2-0 

yn 

’.T min. 


o-.w 

1 

20 

' 10-0 1 

.^nrvivr-fl. 

1 

r.-O') 

1 20-0 

j 20-0 


i 

"■.V) 

SO-0 

20-0 

- ITi min. 


lu-c.j 

■ 40-U 

20-0 

DiM, 3 miti. 


3, MR 


8 
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Table 11—contd. 


Snake venom. 

Dose in 
mg. 

Number of 
lethal doses 
injected. 

Heparin in 
mg. 

Result. 


0-01 

0-1 

Nil 

Survived. 


0-02 

0-2 

Nil 

9* 


0-05 

0-5 

Nil 

99 


0-10 

1-0 

Nil 

Died, 4 min. 


0-50 

5-0 

Nil 

Died, 2 min. 

B. jararacussu ... « 

0-50 

5-0 

10-0 

Survived. 


0-50 

5-0 

10-0 

99 


1-00 

10-0 

10-0 

99 


1-00^ 

10-0 

10-0 

99 


2-00 

20-0 

10-0 

Died, 3 rain. 


2-00 

20-0 

1 

20-0 

1 

Died, 2 hrs. 

r 

0-05 

0-33 

Nil 

Survived. 


0-10 

0-C6 

Nil 

Died, 3 days. 

1 

0-15 

1-00 

Nil 

Died, 6 min. 


0-20 

1-33 

Nil 

Died, 3 min. 


0-50 

3-33 

Nil 

Died, 3 min. 


0-60 

3-33 

5-0 

Survived. 

B. atrox ... - 

1-00 

6-66 

10-0 

99 

• 

2-00 

13-33 

10-0 

9> 


5-00 

33-33 

10-0 

99 


6-00 

40-00 

30-0 

Died, 3 min. 


7-50 

50-00 

20-0 

Died, 0 min. 

1 

10-00 

06-23 

20-0 

Died, 3 min. 
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'Table II — condd. 


Snake venom. 

Dose in 
mg. 

Isumber of 
lethal doses 
injected. 

Heparin in 
mg. 

1 

1 

j Result. 

! 

1 

‘ 

O'o 1 

1 

1 

0-5 ) 

lYil 

Survived. 

i 


1-0 ; 

fO 

j iVil 

1 Died, 2 min. 

B. cotiara ... • 

1-0 j 

1-0 

10-0 

Survived. 


5-0 

5-0 i 

10-0 

i 

t »» 

\ 

10-0 

100 

200 

1 

Died, 2 min. 

1 

1 

r 

0*5 


Nil 

1 

Died, 3 min. 

B. neuwiedii ... 

0-5 

... 

10-0 

1 

1 

Died, 20 lirs. 

[ 

0-5 

1 

1 

1 

Nil 

Died, 21 hrs. 

Crotnlus icrnftcus 

1-0 

... 

10-0 

Died, 0 hrs. 

{ 

2-0 

... 

1 10-0 

' Died, 2 hrs. 40 min. 


Discussion. 

* 

In these experiments no nttempt lias been made to duplicate the natural mode 
of injection of venom as it was not possible to detennine the m.l.d. of the viperine 
venoms tested with any degree of accuracj’ when administered by the intramuscular 
or subcutaneous routes. The absorption of venoms by these routes is so irregular 
and variable that it is difficult to draw accurate conclusions from such experiments. 
Anderson (1932) found the same difficulty with daboia venom and, for this reason, 
he adopted the intravenous route in the standardization of antivcnenc. Our 
experiments were carried out with freshly prepared solutions in normal saline 
of dried venom given by the intravenous route. This was found to cause 
death in the control animals consistently without any great variation in the 
lethal dose. 

It has boon )>re\-iously rejiorted that one part by weight of heparin can 
cfTcctively counteract iii riVo the lethal action of an equivalent amount of Tlus=eirs 
viper venom, and that it is possible to protect a rabbit against 10 mg. of this venom 
(representing over GO lethal doses) given intravenously. AVith the venom of Echis 
c/rrinalus it was found that (a) a comp.aratively larger quantity of heparin was 
required to counteract the toxic eliccts of this venom under similar c.xperimental 
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conditions in vivo, and (&) that when the dose oh venom injected was increased 
beyond 20 lethal doses, heparin was of no therapeutic value. The venoms of 
B. alternates, B. jararacussu, B. atrox and B. cotiara resemble the venom of BcJiis 
cariiiatus in these respects. By the use of heparin it is possible to protect experi- 
mental animals against a number of lethal doses of the above venoms, but only 
up to a limit, which varies with the tj'^pe of venom used. Beyond this limit, toxic 
fractions other than blood coagulants, such as cardiotoxins, hscmorrhagins, etc., 
appear to exert a lethal action and heparin is ineffective .against them. This view 
is supported by the observation that heparin is ineffective against the venom of 
Crotalus terri ficus, which like that of the Australian tiger snake, Notechis scutatus, 
appears to contain, besides the blood coagulant fraction, a powerful neurotoxic 
fraction. 


Since venoms of most viperine snakes contain species specific blood coagulant 
fractions which are intimately related to their toxicity, and since heparin has been 
shown to neutralize in vitro ahd in vivo the blood coagulant fractions of the venoms 
of a number of snakes belonging to the family Yiperidw, heparin would appear 
to be a rational physiological antidote to counteract the blood coagulant effects 
in viperine poisoning. 


The evidence presented points to heparin as a useful remedy which has given 
promising result’s in the treatment of poisoning in' experimental animals with 
venoms of certain American viperine snakes. It is not suggested that heparin 
can replace specific antivenom serum therapy. All that can be said at present 
is that the results reported are sufficiently encouraging to warrant the therapeutic 
trial of heparin in definitely known cases of bites by vipers of the above-mentioned 
species, when specific antivenene is not available, or becomes available only in 
limited quantity after a delay of several hours. 


Summary. 

1. Experimental evidence is presented to show that heparin effectively 
neutralizes, in vitro, the blood coagulant action of the venomi^ of viperine snakes ; - 
B. alternatus, B. jararacussu, B. atrox, B. cotiara, B. neuwiedii and Crotalus 
terrifcus. 

2. Heparin counteracts some of the toxic effects of the venoms of B. alter^iatus, 

B. jararacussu, B. atrox and B. cotiara in experimental animals.. 

3. The trial of heparin as a therapeutic agent in the bites by the above- 
mentioned viperine snakes is suggested. 
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NOTICE. 

♦ 

The folloiving has been received for announcement. 

— Editor, I.J.M.R. 

20lh June, 1947. 

NAPT COLONIAL SCHOLARSHIPS, 1947. 

The award of two Scliolarships in 1916 proved so satisfactory that the ]S'.f\PT 
has decided to offer six Scholarships this year. Tliese will be open to doctors 
and other medical personnel throughout the British Colonial Empire. The success- 
ful holders will come to Britain for a period of six months or longer to study 
tuberculosis in its widest aspects, clinical, administrative and social. 

2. The award will be divided as follows : — 

(cr) Two Scholarships (value £120 each) to registered doctors in the Colonial 

Medical Sendee. 

(b) Two Scholarships (value £100 each) to inedical graduates of native 

Medical Schools in the British Colonies. 

(c) Two Scholarships (value £80 each) to Matrons, Nurses, Health Visitors, 

or other members of Colonial Sanitary Departments. 

3. The successful candidates will be eligible for lodging and training 
allowances from Colonial Government funds, and the details of their training during 
the tenure of the Scholarship vill be supendsed by the N.f\PT. Travelling 
expenses, purchase of books and other incidental expenditure will fall to be met 
by scholars out of their Scholarship moneys. 

4. Applications should be made through the Colonial Jfcdical Department, 
who will forward them to the Colonial Office, which will make recommendations 
to the Council of the NAPT. 

5. The XAPT believes that these awards will further health education in its 
broadest sense, and encourage thefonnation of anti-tuberculosis services throufrhout 
the different Colonial territories. 

G. The Scholarships will be held by young men or women who wish to 
specialize in tuberculosis work, cither fully or part-time, and who will then canv 
the knowledge they have gained into the various Colonial territories where the'v 
will serve. 

7. An announcement of the method of sending in applications will be made 
shortly by the Colonial Office. 


d/uy.' 1917. 
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NOTICE. 

The following has heen received for announcement. 

— Editor, I.J.M.R. 

20th June, 1947. 


LBISHMAN, ALEXANDER AND PARKES MEMORIAL 

PRIZE EUND. 


It is announced that the following prizes are available for award in 1948. 
Conditions of award are as stated. 


Prize. 

Ojien to 

Remarks. 

1. The Leishman 
Memorial Prize 
(silver-gilt 
medal and 
approx. £30). 

j 

Officers R.A.M.C. or 
Officers removed from 
the Corps but still on 
the Active List. 
Officers P.A.D. Corps. 
(Officers must be serv- 
ing on Eegular or 
Short Service Commis- 
sions.) 

1 

1 

Awarded for the best work in 
any branch of Medicine, 
Surgery or the allied sciences, 
or in connection with the 
general duties of the R.A.M.C. 
or R.A.T). Corps, brought to 
the notice of the R.A.M.C. 
Prize Funds Committee 
during the year, but not 
necessarily completed within 
the year. 

2. The Alexander 
Memorial Prize 
(silver - gilt 
medal and 
approx. £70). 

R.A.M.C. Officers as 
above. 

Awarded to the Officer who by 
professional work of outstand- 
ing merit has done most ^ to 
promote the study and im- 
provement of Military Medi- 
cine, Military Surgery, Military 
Hygiene or Military Pathology 
during the year. 
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Prize. Open to RemarJcs. 

First consideration rrill be given 
to original articles or reports 
of investigations of value from 
the point of view of Jlilitary 
Medicine, Surgery, Hygiene or 
Pathology, and published in 
one or other of the various 
Medical Journals. Part 
authorship of an article is 
not admissible. 

3. The P a r k e s Pvegular serving Medical Awarded for professional work 
Memorial Prize Officers on full pay of of outstanding merit which 

(silver-gilt the.J\oyal Navy, Army has done most to promote 

medal and or the Indian A^m 5 ^ the study of Naval or Military 

approx. £G0). Hygiene. First consideration 

will be given to articles or 
reports of investigations of 
value from the point of view 
of Naval or Jlilitary Hygiene 
published in one ■ or other of 
the various Medical Journals. 
Part authorship of an article 
is not admissible. 

Note : — The Alexander Memorial Prize n;id the Pnrkcs Memorial Prize .ire not open to oniccrs 
on the staffs of tlie Koynl Naval Medical School, the Roj'nl Army Medical College or 
the Army School of Hygiene. 

Recommendations should be sent in through the usual channels with copies 
of original articles or reports of investigations, to reach the Hon. Secretary^ 
R.A.Bl.C. Prize Funds Committee, R.A.M. College, Millbank, London, S.W.l, by 
31st December, 1917. 

The following prizes have been awarded for the year 19IG : — 

Parkes Medal and JI.ajor-General F. Harris, For distinguished work in 
£G0. c.n.E., M.C., M.H.. late Hygiene in India and the Far 

R.A.M.c. East. 

Loi.shman Medal and 1 Lieuf. -Colonel A. D. For a paper on ‘ The Parachute 

£30. I Young, P..S.O., M.n., Field Ambulance ’. 

n.A.M.c. 

Alexander :\r c d a 1 ! Lieut .-Colonel \V. H. : For his published work on 
and £70. ' Ilargreavo':, m.r.c.p.. j Amcebiasis. 

j R.A.M.c. j 
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NOTICE. 


The folloiving has hem received for announcement. 

— Editor, l.J.M.B. 

25th July, 1947. 


THE CONSULTANTS PRIZE. 

The Consultants to the War Office and the Armies in the Field in the 
late war have presented a sum of money to the R.A.M.C. in order to found 
a Consultants Prize, to be competed for at intervals of one to three years. 

This prize will be awarded for the first time in 1948 and will be to the value 
of 25 guineas. The prize is open to serving officers of the Royal Army Medical 
Corps, holding a regular or a short service commission. 

The first prize will be awarded for an essay of not more than 10,000 words on 
a professional subject, based on the author’s own experiences between 1939 and 
1946. It is hoped that these essays will ensure that valuable war experience, which 
would otherwise be lost, will be recorded for future guidance and possibly for 
publication. 

Entries should be sent in through the usual channels, so as to reach the Hon. 
Secretary, R.A.M.C. Prize Funds Committee, R. A. M. College, Millbank, London, 
S.W.l, not later than 1st August, 1948. 
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FORTHER OBSERVATIONS ON THE CULTIVATION 
OF RABIES VIRUS IN VITRO. 


BY 


N. ATilERARAGHAVAN, m.b., b.s., c.sc., 

Assistant Director, Pasteur Institute of Southern India, Coonoor. 

[Received for publication, March 24, 1947.] 


Introduction. 

VEERARA.GHAVA.N (1946a) has presented evidence to show that rabies virus 
can multiply in a cell-free medium containing steamed sheep-brain extract, sheep- 
serum. glycine and peptone. Experiments were subsequently undertaken to 
determine* whether the addition of accessory factors especially those belonging 
to the B group of vitamins or certain amino acids to the above medium had 
any beneficial effect on the multiplication of the vnrus. Details of the work 
are presented in this paper. 

Material and methods. 

The method of cultivation of the virus in vitro was on the lines described by 
Yeeraraghavan (1916a). Details regarding the preparation of the culture medium 
and the technique adopted arc given below : — 

Brain extract . — Normal sheep’s brain was dissected out with aseptic precau- 
tions from freshly slaughtered sheep obtained from the local slaughter house. A 
portion of the brain was weighed and washed three or four times in sterile distilled 
water to get rid of blood. It was emulsified in a lYaring bleudor for six minutes 
with ice-cold distilled water to give a 10 per cent emulsion. The emulsion was 
centrifuged for two hours at 3,000 r.p.m. and the supernatant steamed in a steam 
steriliser for half an hour on three consecutive days and. if found sterile, used in 
tlic preparation of the medium. 

Scrum. — Seitz-filtered sheep-scrum was used. 

Peptone.— \ .solution of 1-5 per cent Difeo bacto-peptone in distilled water 
w.is used. The solution was sterilized by steaming for half an hour each day for 
three consecutive days. 


J, JfR 
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Gultimtion of Rabies Virus in vitro. 


Glycine. — A solution of 20 per cent glycine (B.D.H.) in distilled water was 
used. It was sterilized by steaming for half an hour each day for three consecu- 
tive days. 

Tryptophan. — solution containing 2 mg. of tryptophan per c.c. was prepared 
in sterile distilled water and sterilized by steaming for half an hour. 

Accessory factors. — ^Pure thiamine hydrochloride, nicotinic acid, pyridoxine 
hydrochloride, calcium pantothenate and riboflavin were used. Separate solu- 
tions containing 1 mg. per c.c. of each of these factors were prepared in. sterile 
distilled water and steamed for half an hour. The final concentration of each of 
the factors used in the culture medium was of the order of 2 fig. per c.c. A biotin 
concentrate obtained through the courtesj'- of Dr, (Miss) Kamala Bhagvat was 
used in these experiments. The strength of the preparation was not known. It 
was diluted 1 in 10 with sterile distilled water, sterilized by steaming for half an 
hour and 0-2 c.c. of the solution used for every 100 c.c. of the culture. 

Virus inoculum. — Supernatant from a 20 per cent suspension of rabies fixed- 
virus sheep-brain was used for inoculating culture media. The virus suspension 
was prepared as follows : The brain of a sheep completely paralysed after sub- 
dural inoculation with the Paris strain of rabies fixed-virus was dissected out 
aseptically. A portion of the infected brain was weighed and washed in sterile 
distilled water to get rid of blood. It was emulsified in a Waring blendor for six 
minutes with ice-cold distilled water to give a 20 per cent emulsion. The emulsion 
was centrifuged for half an hour at 3,000 r.p.m. and the supernatant used as the 
inoculum. 

Although it is desirable to use fresh fixed-virus sheep-brain for the preparation 
of the virus inoculum, in practice it was found inconvenient. In the experiments 
reported, fixed-virus sheep-brain stored in 50 per cent glycerine for a period of two 
or three days was used with good results. 

Experimental anhnals. — Young healthy guinea-pigs of 200 g. to 250 g. weight 
were used as test animals. 

Virus titration. — The virus content of a culture was determined bj’- inoculating 
guinea-pigs subdurally with 0-2 c.c. of various dilutions of the culture in distilled 
water. The highest dilution which proved infective to at least 50 per cent of the 
inoculated guinea-pigs was determined. From this the virus content of the culture 
in terms of the minimum subdural lethal dose (m.l.d.) per c.c. was calculated ky 
multiplying the highest infective dilution by five, since 0’2 c.c. was the inoculum 
used. 

Sterility. — Sterile technique was used tiuroughout and the cultures after 
incubation were regularly tested for serobic and anaerobic sterility. 

ExPEEIMENTAIi. 

Effect of emulsifying normal and fixed-virus sheep-hrain in a Waring 
blendor instead of grinding in a mortar . 

It has been reported by Veeraraghavan (1946a;) that a concentration of 
2-6 million m.l.d. per c.c. of rabies virus can be obtained in cultures in vitro 
in a medium containing 1-5 per cent steamed sheep-brain extract, 2- 6 per cent 
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C^iUivation of Rabies Virus in vitro. 


glycine, 2 per-cent sheep-serum and O'lS per cent peptone. The normal sheep- 
brain used fo^ the preparation of brain extract and the fixed-virus sheep-brain 
used as the source of virus inoculum were emulsified in a mortar with sterile glass- 
powder. Experiments were carried out to deterruine whether by using a Waring 
blendor for the emulsification of brain instead of grinding it in a mortar, the con- 
centration of virus obtained in cultures could be increased. 

Each of the flasks A and B contained 36 c.c. of 10 per cent steamed sheep-brain extract, 25 c.c. 
of 20 per cent glycine, 20 c.c. of 1*5 per cent peptone, 4 c.c. of sheep-serum and 101 c.c. of sterile 
distilled water. Thirty-six c.c. of the supernatant from a contrifngalized 20 per cent suspension 
of fixed-virus sheep-brain were added to each flask. The brain extract and the virus inoculum used 
in flask A were prepared by grinding in a mortar with sterile glass-powder, while that in flask B were 
prepared with a blendor. The cultures were incubated under strict anaerobic conditions in a 
McKintosh and Tilde’s anterobic jar for 24 hours at 37°C. The virus content of the cultures before 
and after incubation was titrated in guinea-pigs. The results of three such experiments are given 
in Table I. 

It will be seen from Table I that when the inoculum was prepared by grinding 
the infected brain in a mortar, the initial concentration of the virus in cultures 
before incubation varied from 10,000 to 15,000 m.l.d. per c.c. When the inoculum 
was prepared with a Waring blendor, it was possible to obtain a concentration of 
50,000 m.l.d. per c.c. under the same conditions of test. After 24 hours’ incubation 
the virus content of cultures growii in a medium containing brain extract and 
virus inoculum prepared by grinding was 2-5 million m.l.d. per c.c. "WTien brain 
extract and virus inoculum were prepared with a blendor, concentrations of virus 
varying from 5 to 10 million m.l.d. per c.c. were obtained. 

The advantage of using a AVaring blendor for obtaining higher concentra- 
tions of virus in cultiues having, been established, this method of emulsification 
of brain substance, for preparation of sheep-brain extract and virus inoculum, 
was adopted in all subsequent work. 


Effect of adding try2}loj)han . 

Experiments were carried out to determine whether the concentration of 
rabies virus obtained in cultures could be increased by the addition of tryptophan 
to the medium. 


Flasks B and C contained the following: — 


] 

j 

A 1 

O.O. 

B 

c.c. 

c 

c.c. 

Steamed sheep-bi’iuii extinct, 10 per cent ... 


30-0 

:io-o 

(Uyeine, 20 per cent 

25-0 

25-0 

2.P0 

Peptone, 1‘5 per cent 

20-0 

1 


20-0 

Sheep-serum 

PO 

4-0 ! 

4-0 

T’ryptophun 


2-0 -1 


Distilled nater 



Sl-0 
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Each flask was inoculated with 30 c.c. of the supernatant from a centrifugalized 20 per cent 
suspension of fixed-virus sheep-brain. The virus content of the cultures before and after incubation 
anrerobically was titrated in guinea-pigs. The results are given in Table II : — 


Table II. 


Flnfik. 

Number of 
hours at 

Fate of guinea-pigs inoculated subdurally with 0'2 c.c. of culture 
in dilutions. 


.ITT. 

1/IO.aOO 

1/20,000 j 1/1 m. 

1/2 m. j 1/dm. [ 1/10 ni. 

f 

0 

7/0, 0/10 

t 

S.S • ... 


■'1 

24 


7/8, 10/12 

8/10, S , S, S 

n 



7/8, 7.8 

1 

C/7, C/8 8/0, S S, S 

a 

24 


' 

C/7, Tfl 

oj, j 6/S, 0/8 ■ P, S 

1 1 


For c-vplaiintion of abbreviations used, etc ’note’ under Table I. 


It will be seen from Table II that tbe initial virus content of tbe cultures as 
determined by the virus content of flask A before incubation was 50,000 m.l.d. 
per c.c. The vims content of culture A at the end of 24 hours’ incubation was 
10 million m.l.d. per c.c.. while that of flasks B and C was 25 million m.l.d. 
per c.c. These results would appear to indicate that (f) tryptojihan has a 
stimulating effect on the growth of rabies vnius in cultures and {it) this 
growth-promoting effect is the same whether trj-ptophan is added in a con- 
centration of 2 mg. or 20 mg. per 100 c.c. of the medium. A concentration 
of 2 mg. per cent of tryptophan was added to the culture medium in all 
subsequent work. 

Lffi'cl of iiiJdiitg errtnin acerssory factors. 

The oksorvation that tryptophan increased the concentration of virus in 
cultures suggested that the ad.lition of acce.s.sorv factors might prove ))eneficial 
for the multiplication of the virus. In the first experiment the effect of each of 
the factors when added to the nicdium in a ccncentraticn of 2 ,,s. per c.c. was in- 
vestigated. Owing to the difficulty of oblainiii" adequate stippHc.s of aniirals no 
attempt was made to determine the optimum concentiation of each of the factors 
required. 



Cultivation of ttahies Tirus in vitro. 


Flasks A, B, C, D, E and F contained the following : — 



H 


c 

c.c. 

D 

c.c. 

E 

c.c. 

F . 

c.c. 

Steamed sheep-brain extract, 10 per cent ... 

7-50 

7-60 

7-50 

7-50 

7-50 

7-50 

Glycine, 20 per cent 

6-25 

6-2.5 

6-25 

6-25 

6-25 

6-25 

Peptone, 1‘5 per cent 

r,-oo 

5-00 

5-00 

5-00 

5-00 

5-00 

Sheep-serum 

1-00 

1-00 

1-00 

1-00 

1-00 

1-Op 

Tryptophan 

0-.')0 



... 

... 

... 

Thiamine hydrochloride 

... 

0-10 



... 

... 

Nicotinic acid 

... 

... 

0-10 

... 


... 

Pyridoxine hydrochloride 

... 

... 

... 

0-10 



Calcium pantothenate ... 

... 

... 

... 

... 

0-10 


Riboflavin 

... 




... 

0-10 

Distilled water 

24-75 

25-15 

25-15 

25-15 

25-15 

25-15 


Nine c.c. of the supernatant from a centrifugalized 20 per cent suspension of fixed- virus sheep- 
brain were added to each flask. The flasks were incubated anterobically for 48 hours at 37°0. The 
virus content of the cultures before and after incubation is given in Table III : — 


Table III. 


Flask. 

1 

Number of | 
I hours at 

Fate of guinea-pigs inoculated subdurally with 0-2 c.c. of culture 
in dilutions. 

1 

37°c. ; 

i 

1 

1/10,000 j 

1/20,000 

1/5 m. 

1/10 m. 

1/15 m. 

1/20 m. 

f 

0 

7/9, S 

S, S 



... 

... 

M: 

48 

... 

9/10, S 

S,S 

1 

... 

B 

48 

... 

... 

8/10, S 

6/7, 7/8 

7/9, S 

S, S 

C 

48 

... 

... 

6/8, 7/8 

6/7, S 

S,S 

S, s 

D 

48 

... 

... 

6/7, 7/8 

6/8, 7/9 

6/8, 7/9 

! s,s 

E 

48 

... 

... 

6/8, 7/9 

6/8, 8/10 

6/8, S 

s, s 

F j 

48 

... 

1 

7/9, 8/10 

i 

8/10, S 

s,s 

s,s . 


For explanation of abbreviations used, see ‘ note ’ under Table I. 
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It will be seen from Table III tbat the initial virus content of tbe cultures 
was 50,000 in.l.d. per c.c. The highest concentration of virus obtained with 
tryptophan was 25 .million, with thiamine hydrochloride 75 million, with nicotinic 
acid 60 million, with pyridoxine hydrochloride 75 million, with calcium panto- 
thenate 75 million and with riboflavin 50 million m.l.d. per c.c. These results 
showed that each of the factors in the concentration tested had growth-promoting 
properties, the most effective ones being thiamine hydrochloride, pyridoxine 
hydrochloride and calcium pantothenate. 

A second experiment was carried out to determine whether higher concen- 
trations of the virus could be obtained in cultures by the addition of all the above 
factors together. 

Flasks A and B contained the following : — 


' .t 

c.c. 

B 

c.c. 

1 

Steamed sheep-brain extract, 10 percent ... ! 

30-0 

30-0 

Glj’cino, 20 per cent .. 

25-0 

2.yo 

Peptone, I'S per cent 

20-0 

20-0 

Sheep-serum 

1 

4-0 i 

1 

4-0 

Tr^’ptoplmn 

2-0 

2-0 

Thmmine )iydroc]ilonde 

... 

0-4 

Nicotinic acid . . ... 


0-4 

Pyridoxinc hydrochloiide 


0-4 

Calcium pantotlicnate . . 

... 

0-4 

Riboflavin 


0-4 

Distilled wafer ... .... 

1 

99-0 

97-0 


T,„ v,„. ...r ... 
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37°C. The virus content of the cultures after 24 hours’ incubation was titrated in guinea-pigs The 
results are given in Table IV : — ^ ° 


Table IV. 



CO 

U 

P 

o 

Fate of guinea-pigs inoculated subdurally with 0‘2 

c.c. of culture in' dilutions. 

tn 

ee 

' 1 ?- 

a” 

' S 

1 

1/10,000 

1/20,000 

1/2 m. 

1/5 m. 

1/10 m. 

1/20 lu. 

1/50 m. 

1/100 m. 

s 





i 

j 














e 


^ , 

0 1 

7/9, S 

S, S 

... ' 

1 

1 *** ! 




A- 





i 

r 1 

1 

1 , 

i 

i 1 





• 

24 



6/s, S/10 

5/7, S 

s, s 


... 


B 

24 

i 

... 


i 

... 

6/7, C/S 

1 

6/8, S 

s,s 


For explanation of abbreviations used, see ‘note ’ under Table I.' 


It will be seeu from Table IV that the initial virus content of the cultures 
was 50,000 m.l.d. per c.c. The ‘idrus content of culture A, grown in a medium 
devoid of the accessory factors, was 25 million m.l.d. per c.c. at the end of 24 hours’ 
incubation, while that of flask B containing all the five accessory factors was 250 
million m.l.d. per c.c. These findings would appear to show that as a result of the 
addition of the accessory factors to the medium it is possible to step up the con- 
centration of virus in cultures to 250 million m.l.d. per c.c. 

The effect of adding accessory factors before and after adding the virus 
inoculum to the medium was also investigated. It was found that the addition 
of accessory factors to the medium on the day previous to the inoculation of the 
virus did not yield satisfactory results. The best results were obtained when the 
factors were added just before or immediately after adding the virus inoculum 
to the medium. 


Effect of not adiling normal sheep-brain extract to , the medium. 

In all the previous experiments normal sheep-brain extract has been used 
as one of the ingredients of the culture medium. The finding that certain 
accessory factors had marked groudh-stimulating properties on cultures of 
rabies virus suggested that possibly some of the factors tested might have been 
supplied by the normal sheep-brain extract used in the medium. An investigation 
was carried out to determine the eft'ect of eliminating .«heep;brain extract from 
the medium. 
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• It; might also be possible that some of the salts present in the steamed 
sheep-brain extract promoted the growth of virus. Parallel experiments were, 
therefore, run substituting Tyrode solution for distilled water used in the 
medium. 

Two such experiments were carried out. 

Flasks A, B and C contained the following ; — 



A 

c.c. 

B 

c.c. 

c 

c.c. 

Steamed sheep-brain extract, 10 percent ... 

30-0 

... 


Glj’cine, 20 per cent 

25-0 

25-0 

25-0 

Peptone, 1‘5 per cent 

200 

20-0 

20-0 

Sheep-serum 

4*0 

4-0 

4-0 

Tryptophan 

2-0 

2-0 

1 

2-0 

Thiamine hydrochloride' 

0-4 

* 0-4 

} 

0-4 

Nicotinic acid 

0-4 

1 0-4 

0-4 

Pyridoxinc hydrochloride 

0-4 

1 0*4 

t 

0-4 

Calcium pautolhenato 

t 

0-4 

1 0-4 

0-4 

UiboflaMii 

0-4 

1 

i 0-4 

0-4 

Distilled water 

07-0 

i L27-0 

f 


Tyrode solution (pH 7*0) 

1 

1 

t . , 

127-0 


The ncees-ory factors wcro ndUcd just before adding tlic virus inoculum. Thirtj--Eis c c of tlir 
siUHTuat.nul from n ccntrirugalized 20 per cent .suspension of fixcd-i*irus slieop-brain were added to 
each I’hc pH of tlie cultures A, B and C was 7-0, G'S and i-4 respectively. It was noticed 

that Ktheii fyrodo solution tra-s added to the culture mediuta tlicre was a tendonev for a tireclnUate 
to settle down on gtandme. 'When distilled water was used in place of Tvrode solution the cnJtures 
were homogeneous with little or no tendency for precipitation. The' cultures were incubated 
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content of the cultures before and after incubation 
were titrated m guinea-pigs. The results are given in Table V : — 


Table V, 


■tst 

cJ 

o 

a 

■ s 

Flask. 

Number of 
hours at 

Fate of guinea-pigs inoculated subdurally with 0‘2 c.o. of 
culture in dilutions. 



37°G. 

1/10,000 

1/20,000 

1/10 m. 

1 1/20 ra. 

1/50 m. 

1/100 m. 


( 

A 

0 

8/10, S 

S,S 

... 

1 

i ... 



] < 


A i 

1 

24 

... 

... 

... 

5/7, C/8 

6/8, S 

S, S 



B 

24 

1 

< . . , 

1 

... 

... 

5/7, 5/7 

6/8, 9/10 

8/10, S 


1 

■ 

24 

... 

... 

5/7, 6/8 

6/8, 6/8 

s, S . 

S.S 


1 


0 

6/8, 7/9 

s, s 

... 

1 

... 

... 

2 ' 

1 

■ 

24 

... 

... 

... 

6/8, 7/8 

6/8, 9/11 

s, s 


! 

B 

24 

... 

... 

... 

7/8, 8/10 

6/8, 7/9 

6/8, 8/10 



C 

24 

1 

1 

... 

... 

6/8, 8/10 

1 

S.S 

S.S 


For explanation of abbreviations used, see ‘ note ’ under Table I. 


It will be seen from Table V that the initial virus content of the cultures was 
50,000 m.I.d. per c.c. After incubation for 24 hours the virus content of culture A 
with steamed sheep-brain extract was 250 million m.I.d. and that of culture B 
without steamed sheep-brain extract 500 million m.I.d. per c.c. The virus content 
of culture C without steamed sheep-brain extract but containing Tyrode solution 
in place of distilled water was only 100 million m.I.d. per c.c. The results indicate 
that when all the accessory factors are added, the use of steamed sheep-brain 
extract in the medium can be dispensed with and that there is no advantage in 
substituting Tyrode solution for distilled water in the medium. 

Effect of adding biotin. 

The effect of the addition of a sample of biotin concentrate prepared in the 
laboratory on cultures of rabies virus was investigated. The biotin content .oi 
the preparation was not known. The concentrate was diluted 1 in 10 with sterile 
distilled water, sterilized by steaming for half an hour, and 0'2 c.c. of the solution 
added to every 100 c.c,_ of the culture. . . . - 






Flask. 
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Flasks A, B, C and D contained the following ; — 



A 

c.c. 

B 

c.c. 

c 

c.c. 

D 

c.c. 

Glycine, 20 per cent 

12-5 

12-5 

12*5 

12-5 

Peptone, 1'5 per cent 

100 

10-0 

lO'O 

lO-O 

Sheep-serum 

2-0 

2-0 

2-0 

2-0 

Tryptophan 

1-0 

1-0 

I'O 

I-O 

Thiamine hydrochloride 

0-2 

... 

0-2 

0-2 

Nicotinic acid 

0-2 

... 

0-2 

0-2 

Pyridoxine hydrochloride 

0-2 

... 

0-2 

0-2 

Calcium pantothenate 

0-2 

... 

0-2 

0-2 

Bibofiavin 

0-2 

... 

0-2 » 

0-2 

Biotin ... 

... 

0-2 

0-2 

0-2 

Ty rode solution 

C3T> 

04-3 

C3-3 


Distilled water 



... 

C3-3 


The factors were added just before the virus inoculum. Each of the cultures vas inoculated 
with 18 0 . 0 . of tho supernatant from a centrifugalized 20 per cent suspension of fixed-virus sheep- 
brain. The cultures were incubated antcrobically for 24 hours at 37°C. The virus content of the 
cultures before and after incubation was titrated in guinea-pigs. The results arc given in Table VI : — 


Table VI. 


Number 
of hours 
at 37=0. 

Fate of guinea-pigs inoculated subdurally with 0'2 c.c. of culture in dilutions. 

1/10,000 


1 

1(10 m. 

1/15 m. 

1/20 m. 

1/50 in. 

' 1/100 m. 

1 1 

1/200 in. 

0 

! 

8/10, 13/15 I 

s,s 

... 


\ 


1 , 


24 


1 

... 

— 

1 8/10,8/10 

S,S ' 

1 s, s ! 

i 

24 ' 


... * 

7/9, 8/10 


0/8, S 

s, s ' 

s,s 

1 

24 

... 

I 


1 

i O.iS, 7/s 

1 


1/9. 8/10 i 

s, .s 

24 


1 

( 

... 

1 

C;.S G/S 

1 0 /s. 0 /s ! 

1 i 

1 i 

S/9, S ' 

0/8, S/10 


For explanation of abbreviations used, ‘ note ’ under Table I. 
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These experiments show that under the above conditions concentrations 
of 2,500 to 5,000 million m.l.d. per c.c. of rabies wus can be easily obtained 
in cultures. 


Effect of incubating cultures under cerohic and strict ancerobic 

co7iditions. 

Experiments were carried out to determine the effect of incubating cultures 
grown in the above medium under arobic and anserobic conditions. 

Each of the flasks A and B contained 25 c.c. of 20 per cent glycine, 20 c.c. of I'S per cent peptone, 
4 c.c. of sheep-serum, 2 c.c. of tryptophan solution and 126'6 c.c. of distilled water. Tliirty-si.-c c.c. 
of the supernatant from, a centruugalized 20 per cent suspension of fixed-virus sheep-brain were 
added to each flask. Immediately after the addition of virus inoculum all the accessory factors 
were added to the eultures in 0'4 e.o. amounts. Flask A was incubated arrobically and flask B under 
strict anarrobic conditions. The virus content of the cultures before and after 24 and 48 hours’ 
incubation was titrated in guinea-pigs. The results arc given in Table VII -. — 


Table VII. 



Jlode of 

Xumber 

Fate of guinea-pig.s inoculated subdurally with 0-2 c.c. of culture in dilutions. 


incubation. 

i 

at 37=0. 

1/10,000 1 1/20,000 ’ 1/oOm. 

1/100 m. 

1/200 m. 

[ 

1/400 m. 

l/oOO m. 

.V j 

/Eroliir 

0 i 

8/10. S ' S, S 

} 

... j 

1 

1 ... 


A 

1 

21 

C/8. S 

1 0/7, 0,8 1 

0/8, 7/8 

8/0, 8 

S, 8 

A 

1 

48 

8,10, .8 1 

0/7, 8/0 

0/7, S 

S,S 

S. S 

B 

.Auioi'obic 

21 


5 7, G/8 ' 

0/7, C/S j 

8/0, 8/9 

0/7, 8/0 

B 


IS 


0/8, 7.0 j 

7/9, S ! 

1 

.8.8 

8. .S 


I'm explaualiou of .abbreviation-, used, arr ‘ nolo ’ under Table 1. 


It will be seen from Tabic VII that the initial virus content of the mltnrps 
was 50,000 m.l.d per c.c The virus content of culture A incubated under 
lorobic conditions for 24 and 48 hours was 2,000 million and ],000 million in 1 d 
per c.c. respectively, while that of culture B after 24 and 48 hours' incubation 
niiOTobicnlly was 2,500 million and 1,000 million m.l.d. jier c.c ' 


The above experiment was repeated. In this exncriniont fl.„ . 

of the culture incubated rorobicallv was 1.000 million iii 1 d ner c after *>Tl' 
and loss than 1 .,^0 miUion m.l.d. jicr c.c. after 48 lI^lmiKiom 'S dt Tried 
anrerobic. conditions the virus content of the enlturc after n a ml 48 ho.,T' 
incubation was o.OOO million and 1.000 million m.l.d. per c.c. rcspectivclv 

These results indicate that .although high concentrations of virus can be 
obtained when cultures are incuhaled mrohicallv the ncn t • 

conditions is more favourable for the nuiltipHcation of the virus 
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Cidtivafi-on oj babies Yiriis in Titro. 


Vifltivatio'A of raiies rims im a cell-free medram. 

^ JiTidence Tras presented 1 )t tie anti or (Teeraragiavan, 1946ff} t-o sio~ tiat 
ralies Tims can mnlnplT in a cell-lree medinin conrainins steamed sieep-lmin 
enrract. glrcine, peptone and nltered serum. Tie TOns inocninm used in*tie 
experiments -;ras filtered^ tirongL a Sterimat P.C.B. grade pad to eliminate tie 
possibilitj of its containing anj intact cells ~iici migit ie responsiile for tie 
mnltipIicaTion of tie Tims. 

Preliminarj experiments sio~ed tiat there —as a consideraile fall in tie rirns 
conieni of tie supernatant from a centrifugalired 20 per cent snspension'of ixed- 
■rims sleep-irain after nitration tirongi a Sterimat B.C-B. grade pad. Bui^ 
tie course^ of tie present inresiigation it -rras found tiat in order to obtain birl; 
concentrations or tie tims in cultures tie Tims content of tie inoculum shoidd 
be ieaTy, Tierefore. in tie present series of experiments using nltered xims 
inornlnni. one part of tie nitrate —as added to one part of tie medium, instead 
of tie nsnal proportion of one part of tie 'rims t-o nve parts of tie medium. Tie 
nnal concentration of tie Tuiions constituents in tie medium —as. iorrerer, 
adjusted to ie the same. 

A rrirrire raeditin oontaisiac 5 per cent rlyciae. OS psr cent peprone and 4 per cent alieen-serrtin 
in distnlled Trarer iras prepared. A 20 per pent emulsion of nxed-Tims slieep- 'brain "vras trenared 
in a TTar-inc l:>lendor and centiifnged for one bonr at S.OOri r-p.m. The Top lajer of The snpirnatanr 
Tras nltered T'b.ronr'h a ST-eriinaTr.C.3. rrade pad. TrrenTT-nTe c.c. ofihe' nitrate trere’added to 
25 r-e. of the cnltrcre meditm so that the nnal coneentration of the -rniioTis constitnents tras the 
same as that rsneraZlT nsei. To this tras added 0'5 c.c. of trrptDphan solution and all the aecessorr 
faetors inelndinp hiotdn in OT c.c. amotmts. The tims content "of the rtiltttre hefore and after in- 
cnhation ansrohicaHj for il4 hocrs teas titrated in nninea-nitra. 

Tie culmre before incubation —as infectire in a dilution of 1 in 20,000 
indicating tiat its riras content tras 100,000 m,Ld. per c.c. After incubation for 
2-4 ionrs tie iigiest infectiTe dUntion of tie cnlture tras 1 in 500 million indica- 
ting tiat its turns content tras 2.500 miDion m.l.d. ner c.c. 

Tie above experiment —as repeated triti identical results. 

Ties? rindings tr ould appear to siotr tiat raiies vims can pass Through a 
drerimat p.C.B. grad? pad and is able to mulriplj in a cell-free medium. 


reef r,j a virus irioci'lvm llirovgli Sferirna! F.C.B. ariB G.S. 

errad-c vods. 


The supernnenT fr^m a centitfnrahted psr cent snspensiDii of nxed-tims sheep-brain tesj 
tirst nltered thrpnxh n Stemnat F.C.B. rrade pad and then thronrh a Stsimat G.S. pad. ihe nllraie 
r"’ Tt'Etfr-rlcar and 'vra.s n? thr Tim? inoDuluni and tli? expcriinent 

In this experiment tie culmre before incubarion —as not infecrive in a .dilution 
of ] in !•"> and tie 24 bo'urs' cnlture tras not iufecriTe in a dilution of 1 m the 

lotresT diurion tested. These results ■?rere probailv due to the laci that there 
r-cs praericallT irrle or no vims in the inoculum used for seeding tie medium. 


Se.riol ryossegc of vims in vitro. 

Sevc-ral arremtirs mere made bnt miriour success t-o 
ruiture medium contiimins 2'5 ner cent uiTciue. OTo per 


passaue tie vims in a 
cent peptone, 2 per cent 
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sheep-serum, 2 mg. per cent of trjTptophan, 2 /xg. ^er c.c. of each of thiamine 
hydrocMoride, nicotinic acid, pyxidoxine hydrochloride, calcium pantothenate 
and riboflavin and 0-2 c.c. per 100 c.c. of biotin solution. Although high concentra- 
tions could be obtained in the first 24 hours’ culture, this vras not possible in the 
subsequent sub-passages in vitro, the reason possibly being that the initial 
virus inoculum . used in the first culture contained some factor or factors 
essential for the growth of the virus. Experiments were, therefore, carried 
out to' determine whether the addition of an equal amoxmt of normal sheep-brain, 
either steamed or filtered through a Sterimat F.C.B. grade pad, to the second, 
third and fourth cultures would help in the multiplication of the rims during 
serial passage. 

The supernatant from a centrifugalized 20 per cent suspension of fixed-virus sheep-brain was 
filtered through a Sterimat F.C.B. grade pad. Twenty-five c.c. of the filtrate were inoculated into 
25 c.c. of a medium containing 5 per cent glycine, 0'3 per cent peptone and 4 per cent sheep-serum in 
distUled water. To this was added O’o c.c. of tryptophan solution and all the accessorj- factors in 
OT c.c. amounts. The culture was incubated anserobically for 24 hours at Z1°C. The virus content 
of the culture before and after incubation was titrated in guinea-pigs. 

The second passage was carried out as follows : Xine c.c. of the 24 hours’ culture were added to 
a medium containing 9 c.c. of 20 per cent steamed sheep-brain extract, 6'25 c.c. of 20 per cent glycine. 
5 c.c. of I’o per cent peptone, 1 c.c. of sheep-serum, O'o c.c. of tryptophan solution and 22‘7.5 c.c. of 
distilled water. All the accessory factors were added in OT c.c. amounts and the culture incubated 
for 24 hours anserobically. Subsequent passages were carried out by adding 9 c.c. of the culture to 
another flask containing 45 c.c. of the medium described above. The fourth passage culture after 
24 hours’ incubation was titrated in guinea-pigs. 

A parallel experiment was run using the filtrate of a 20 per cent suspension of the same normal 
sheep-brain in the medium instead of steamed sheep-brain extract. 

The initial virus content of the first culture was 100.000 m.l.d. per c.c. Aiter 
24 hours’ incubation it was 2..500 million m.l.d. per c.c. After four serial passages 
the virus content of the culture using a medium containing steamed sheep-brain 
extract was 500 million m.l.d. per c.c.. while that with filtered sheep-brain extract 
was 60 million m.l.d. per c.c. 

These results indicate thal it is possible to pro])agato the virus in cultures 
in vitro. 


Immunizuig value of culture virus. 

Veeraraghavan (19466) has shown that culture vaccine whose rnrus content is 
adjusted to be equal to that of 5 per cent Semple’s vaccine affords a high degree 
of protection against fixed-virus given subdurally or street virus given intramus- 
cularly. 

Immunity experiments have_ now been carried out with vaccines prepared 
from cultures containing much higher concentrations of rabies virus than those 
reported previously. The results obtained confirm the previous finding that it 
is possible to immunize e^erimental animals with 0111 ^ 0-541115 vaccine against 
a subsequent infection _ with street \4rus. Encouraging results have also'lieen 
obtained m post-infection treatment of animals given street virus into neck 
muscles when a phenol-killed culture vaccine of high lirus content is used for 
treatment. Details of these investigations, now in progress, wiU form the subject 
of a separate communication. 1 c > 
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Cultivation of Raines Virus in vitro. 


Discussion, 


It will be seen from the observations recorded in this paper that very high con- 
centrations of rabies virus can be obtained in cultures in vitro in a medium con- 
taining 2-5 per cent glycine, 0'15 per cent peptone, 2 per cent sheep-serum, 2 mg. 
per cent of tryptophan and 2 (ig. per c.c. of each of the accessory factors thiamine 
hydrochloride, nicotinic acid, pyridoxine hydrochloride, calcium pantothenate 
and riboflavin and 0'2 c.c. per 100 c.c. of biotin solution. The initial concentration 
of the virus in cultures with the above medium is generally in the neighbourhood 
of 50,000 m.l.d. per c.c. After incubation angerobically for 24 hours at 37°C. the 
titre of the culture rises to 5,000 million m.l.d. per c.c., a 100,000-fold increase in 
the titre of the virus. With the addition of all the accessory factors it is possible 
to dispense with the addition of steamed sheep-brain extract to the medium. 

The highest initial virus content of the cultures, which represents a 1 in 30 
dilution of the infected sheep-brain, was 60,000 m.l.d. per c.c. Therefore, the 
highest concentration of virus generally obtained in the brains of infected sheep 
used in the manufacture of antirabic vaccine will be 50,000x30, i.e, 1,500,000 
m.l.d. per c.c. Using the method of cultivation now described it is possible to 
obtain concentrations of 5,000 million m.l.d. per c.c. representing a 3,300-fold 
increase in the concentration of virus ordinarily obtained in the brains of infected 
sheep. 

The concentration of vhus obtained in cultures incubated under strict anaerobic 
conditions was higher than that incubated under aerobic conditions. 


A number of workers have shown that rabies virus can be cultivated in a 
medium containing rabbit, mouse, chick or rat embryo brain tissue witli serum- 
Tyrode solution (Kanajawa, 1936, 1937 ; Webster and Clow, 1936, 1937; Bernkopf 
and Kligler, 1937; Raymond Parker and Hollender, ^ 1945). Experimental 
evidence has been presented in this paper to show that it is possible to cultivate 
rabies virus in a medium devoid of living cells. The concentration of virus obtained 
in cultures, assessed in terms of minimum lethal doses for the guinea-pig, is much 
higher than that reported by others using mice as experimental animals. The 
successful cultivation and propagation of the aetiological agent of rabies in a cell- 
free medium supports the view put foru'ard by Veeraraghavan (1944, 1945) that 
an agent other than a virus may be connected with the setiology of the disease. ^ 
Webster (1939) found that commercial vaccines inactivated with phenol or 
chloroform afford protection to mice if given intraperitoneally and in quantities 
approximating five times the dose advocated per gramme of body-weight m man. 
Veeraraghavan (19466) has shown that when five times the comparable dose per 
gramme of body- weight of phenol vaccine or culture vaccine with the same viius 
content is given intraperitoneally to rabbits or guinea-pigs a considerable degree 
of immunity is produced. All the available evidence indicates tha.t antirabic 
vaccine ‘ is effective only provided it is given repeatedly and in large ® 

ing at least 1 per cent of the body-weight ’ (Wilson and .Miles, 1946), On Ins lasis 
the total quantity of vaccine necessary for producing adequate immunity in man 
would be 700 c.c. the administration of which is out of question. Even i i yerc 
possible to give such a large quantity of vaccine, the amount of nerve 
protein administered would be increased very considerably mth the associa 
risk of the patient developing post-treatment paralysis. V ith the culture vacc , 
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Ixowever, it sliould be possible to administer iu a fraction of a c.c. tiie virus content 
of 700 c.c. of 5 per cent Semple’s vaccine. The culture vaccine has the added 
advantage that its %-irus content can be accurately determined and is free from 
gross nerve tissue. The nerve-tissue protein administered is reduced to a negli- 
gible fraction as the protein nitrogen' content of 1 c.c. of culture vaccine is less than 
that of 1 c.c. of 5 per cent Semple’s vaccine. 


Summary. 

1. Tryptophan, thiamine hydrochloride, nicotinic acid, pyridoxine hydro- 
chloride, calcium pantothenate, riboflavin and biotin concentrate have marked 
growth-stimulating properties on cultures of rabies virus in vitro. 

2. It is possible to obtain concentratiorxs of 5,000 million m.l.d. per c.c. of 
rabies virus in cultures in vitro in a medium containing 2‘5 per cent glycine, OTu 
per cent peptone, 2 per cent sheep-serum. 2 mg. per cent trj'ptophan. 2 /^g. per c.c. 
of each of thiamine hydrochloride, nicotinic acid, pyridoxine hydrochloride, calcium 
pantothenate and riboflavin with biotin. 

3. The concentration of virus obtained in cultures is nearly 3,300 'times that 
ordinarily obtained in the brains of infected sheep used in the manufacture of 
antirabic vaccine. 

4. The .successfid cultivation of the {etiological agent of rabies in a cell-free 
medium suggests that it is not a virus in the accepted sense of the term. 

1 


Tlie author de.sii' 0 s to express his grateful thanks to Lieut. -Colonel ^f. L. 
Ahuja, M.D., D.n.n., i.x\i.s.. Director, Pasteur Institute of Pouthern India, Coonoor. 
for his valuable guidance, kind help and encouragement. He is greatly indebted 
to Mr. hi. B. -hjiah. hfr. hi. K. hlotha and hfr. A. Kulla for the technical help 
received . 
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A SHORT NOTE ON A SALMONELLA POSSESSING! 
SOlltlATIC ANTIGENS III, X, XXVI, FLAGELLA 
ANTIGENS PHASE I HNDETERMINED 
AND PHASE IL 1. 5. 


RY 


C.vPTAix J. F. FREEMAN, n.T.it. (Cal.), i.a.m.c. 

(From (he Central Military Pathology Laboratory, India, Poona.) 

(Receirefl for publication, April 14, 1947.] 

The study of Salmonellas is one of the most interesting branches in bacteriol- 
ogy. It is regrettable that a Salmonella Centre such as the Salmonella Reference 
Laboratory, Central Public Health Laboratory, Colindale Avenue. London, N. W. 9, 
does not exist in this sub-continent. The International Salmonella Centre 
at Copenhagen, where a great deal of work on Salmonellas has been done, is 
said to have several subsidiary laboratories under its control. It is now felt 
that this important branch in bacteriology should find a place in one of the 
research institutes in India where confirmation or identification of Salmonellas 
isolated l\v any one either from man. birds or animals could be carried out together 
with the epidemiology of the Salmonella group of infections. 

There must be many instances where an organism isolated has not been 
identified or incorrectly identified. If a Salmonella Centre could be brought 
into existence these anomalies would not occur. 

Confirmation and identification of Salmonellas are amongst the many functions 
of the Central lifilitarv Pathological Laboratory. Poona. Most of the Salmonella 
cultures arc received from military laboratories dependent on this institution for 
(heir biological products, while a very small percentage of cultures are received 
from civil laboratories. 

A culture was received from a ciml laboratorv for identification. Apart 
from the fact that the organism was derived from the fmces of a patient in 
one of the local hospitals, no further particulars are known. In this paper the 
organism will be referred to as X. 


( 255 ) 
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Salmonella Possessing Somatic Antigens. 


Morphology . — 

Gram-negative motile bacillus. 

Biocliemisiry . — 

Lactose ... No change. Ehamnose ... Acid and gas. 

Glucose ... Acid and gas. Inosite ... „ 

Mannite ... „ Mannose ... ,, 

Saccharose ... No change. II 2 S ... + 

Dulcite ... Acid and gas. Indol ... Negative. 

Arabinose ... „ 

The fermentation of the above carbohydrates was noted after 24 hours’ incu- 
bation. As will be seen from the above findings, the biochemical reactions of 
the organism are those of a Salmonella. 

Serology . — 

Identification of the somatic antigen : 

Slide agglutination : Using an alcoholized suspension of the organism the 
following are the results of slide agglutination against the undermentioned sera : — 

Group A ... S. paratyphosum A. ... ... No agglutination. 

I, II, XII 

„ B ... S. Stanley ... ... ... „ 

IV, V 

„ C'l ... S. paratyphosum C .... ... » 

VI, AUI 

„ C 2 ... S. newj)ort ... ... ... „ 

VI, VIII 

D ... S. enteritidis ... ... ... 5 ? 

I, IX, XII 

„ Ej ... S.anatum ... ... ... Agglutination. 

Ill, X, XXVI 

,, Eo ... S. newington ... ... ... „ 

III, XV 

,, Es ... S. se?fiienberg ... ... » 

I, III, XIX 

„ F ... S. poona ... ... ... No agglutination. 

XIII, XXII 

Breycr's agglutination test . — 

Alcoholized suspension of : — 


Serum. 

S. analiiin. 

S. vewinglon. 

( 

1 8. smfienberg. 

X. 

S. analum 

2,000 

1,000 

! 250 

2,000 

S. ntwinglon 

2oC 

2,048 

j 128 

250 

S. senftenberg 

1,000 

1,000 

! 1,000 

1 

1,000 
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It -will be seen that due to tbe presence of the somatic antigen III jnesent in 
all the members of the E group, there is a great deal of cross agglutination between 
groups El represented by >S. anatvm, E 2 represented by S. neuwgion and E 3 by 
8. senftenberg. 

An attempt was, therefore, made to prepare a monospecific serum by 
eliminating the common somatic agglutinin III. The following results were 
obtained ; — 


Alcoholized suspension of ; — 


Serum. 

S. anafum. 

1 

S. newinglon. 

S. senftenberg. 

! 

X. 

S. anatum ' ... 

X, XXVI 

1 

0 : 

1 1 
i ^ 

-f 

i 

1 

H. ncwinglon ... | 

XV 1 

0 

+ i 

0 

1 

1 

0 

I 

S. scnftaibcrij ... | 

i 

0 

1 

I i 

0 ^ 

1 

1 

0 


The above table is self-explanatory in that tbe monospecific 8 . analum scrum 
agglutinates its homologous antigen in addition to the somatic antigens contained 
in X. 

8. vctciiiglun and 8. senftenberg somatic antigens are agglutinated by their 
respective agglutinins alone. 

It is jrresumed that the somatic antigen contained in X organism is similar 
to that in 8. anatum. 

Identification of the heat-Uihilc antigen : The organism was plated and six 
colonies seeded into brotk — two such colonics of the cultures were agglutinated 
by 8. cholcrcr suis vav. kunzendorf serum, while the other four were not agglutin- 
ated. A concentrated suspension from each typo of the flagellar phases was made 
and standardized to G.IoG million organisms per c.c. 

Phase I , — 

Tliis phase of tlic organism was not agglutinated by ' II ’ .<cra of the followiii" 
organisms : — 


8. paratyplosuni A ... 

... Flagellar agglutinin ” a ” 

8. paratyphosum C ... 

Phase I 

8. typhosiim 

‘•d” 

8. ncvporl 

:• ., Phase I 

8. entcritidis 

,. ,. ‘‘g, m" 

8. (yphi-mnriuw 

••• -. .. Phase 1 

8. thonipson 

Phase I 

8. lilchfeJd 

3 - Phase I 

8. rirchon- 

••• .. Phase I 

8. barciUy 

*"• 33 33 Phase I 
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Salmonella Possessing Somatic Antigens. 


It was further not agglutinated b}’- polyvalent sera containing pliase I and 
II agglutinins of the undermentioned organisms : — 

S. iyphi-murium, S. newport, S. lliompson, S. morbificans bovis, S. london, 
S. hareilly, S. lexington, S. Tieniuchy, S. cerro, S. balleru]), S. abortus equi. 

The only flagellar agglutination that could be obtained with the phase I 
suspension of the organism was with S. paratyphosiim B ‘ H The following 
are the results using this serum : — 

S. qmratypihosum B ‘ H ’ phase I versus S. qmralypdiosuyn B ‘ H ’ = 5,000 

S. jMratyphosum ,, „ ,, X ‘ H ’ phase I == 500 

S. p)ciratypliosum „ „ „ S. schleissJieim “ b, Z 12 ” = 500 

Only 1/10 of the flagellar antigen phase I present in the organism is similar 
to that of S. qiaratypJiosum B ‘ H ’ phase I, 

A suspension of phase I antigen of the organism was now injected into a rabbit. 
The following are the titres obtained ; — 


X 

‘H' 

versus 

X'H’phasel ... 

= 5,000 

X 

‘H’ 

5 > 

X ‘0 ’ 

= 1,000 

X 

‘H’ 


X‘H’ phase II ... 

S. ptara B ‘ H ’ phase I 

= 125 

X 

‘H’ 


= 500 

X 

'H’ 

J J 

S. schleissheim “ b, Z12 ” 

S. cholerce suis ‘ H ’ var. kunzen- 
dorf ... 

= 500 

X 

‘H’ 

JJ 

= 25 

X 

‘H’ 

M 

S. typhi-niurium var. binns 

= 0 


A ‘ H ’ suspension of the following organisms was not agglutinated by X ‘ H ’ 
serum : — 

S. paratypliosum A, S. paralyphosum C phase I, S. iypliosuvi, S. newport 
phase I, S. enteritidis, S. typM -murium phase I, S. tliompson phase I, S. litcJifield 
phase I, S. virclioio phase I, S. hareilly phase I, S. poona phase I, S. cerro, 
S. dusseldorf, S. simsbury, S. Uganda phase I, S. lexington phase I, S. ballerup, 
S. tennessee, S. abortus equi. 

It is seen from the mirror agglutination that the heat-labile agglutinin “b” 
contained in X ‘H ’ serum is responsible for 1/10 of the titre of the serum, the 
remaining 9/10 has still to be determined. 

Below are the agglutination titres of the somatic agglutinins present in X ‘ H ’ 
serum : — 


xVlcoholized suspension of : — 


Serum. 

1 S. analum, 

1 

S. ncwinglon. 

i 

S. smjlenherg. 

X. 

X 

1 1,000 

1 ' 
1 

500 

1 

12 s 

t 

1,000 . 


When X ‘ H ’ serum is deprived of its somatic agglutinin III, this monospecific 
serum agglutinates not only its homologous antigen but also the somatic antigens 
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contained in S. amfvm. The antigens contained in S. veivingim and S. sevflen- 
bcrg, ho'wever, remain unaffected. 

It is, therefore, conclusively proved that the somatic antigen contained by the 
organism under investigation contains the factors III, X, XXVI. 

Icleniificafion of phase II heat-labile antigen : 

As previously mentioned a concentrated suspension to contain 6,400 million 
organisms per c.mm. was made. 

The following are the agglutination litres obtained against the undermeirtioned 
sera : — 

S. iyphi-ninriwn var. binns versus S.tygjhi-nwriiimxav.bin’ns ... ~ 200 

., ., „ S. cholera suis var. 1‘imzendorf = 100 

., X ‘H’ phase 11 ... ... ==100 

S. cholera suis var. liunzendorj S. cholera suis ‘ H ’ var, 

Tiunzendorf ... ... — 250 

,. ., .. ., S. iypM-nnmumxax.hhms ... =<50 

,. ., .. ^ ,. X ‘H’ phase II ... ... = 250 

Absorption test : 

1. The agglutinins contained in S. typhi-muriim var. binns sermn are not 
completely absorbed by a suspension of X ‘ H ’ phase II antigen. The homo- 
logous litre after absorption of the serum is, however, reduced from a titre of 
1 ; 250 to one of 1 ; 125. 

2. VTieu a serum of <S. cholera suis ‘ H ’ var. 1‘unzcndorf is absorbed 
with a suspension of X ' H ’ phase II, there is complete absorption of all the 
agglutinins. 

hlouovalcnt sera containing phase II agglutinins .2, 3 and agglutinin 5 were 
prepared. 

Phase 11 of X organism was not agglutinated by the serum containing 
agglutinins 2, 3 but was readily agglutinated by the serum containing 
agglutinin 5. 

A scrum was prepared from ])hase II of X organism. The following arc the 
agglutination litres ; — 

X‘ 11 'phase II versus X ‘ H ’ phase II ... ... = 25 li 

S. cholera suis ‘ H ’ var. kun- 

zendorf ... ... =250 

.• S. iyphi-nnirium var. binns = 50 

X ‘H phase II agghitinin.s are completclv absorbed bv a suspension of 
S. choh'ra’ suis var. 1‘unzcndorf. ' • r - 

'j'ltc above agulul illation nb=:nrption te.-^ts are ronelucivo that X ‘ H ’ i)ha=e II 
contains the antigen.s I. .5. ' 
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Salmonella Possessing Somatic Antigens. 


Summary. 

An organism having the biochemical properties of a Salmonella is described. 

Serologically it contains the somatic antigens III, X, XXVI. 

Flagellar antigen phase I, besides containing the factor “b”, lias some other 
antigen in addition. 

It contains the factors 1, 5 flagellar antigens in phase II. 

I wish to express my indebtedness to Lieut.-Colonel F. J. Hallinan, b.a.m.c., 
Officer Commanding the Centra] Military Pathological Laboratory, and the L.M.S, 
in India for permission to publish this work. 
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HYPERTROPHIC GINGIVITIS IN INDIAN CHILDREN 
AND ADOLESCENTS. 

BY 
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K. L. SHOURIE. 

{From the Denial Research Unil, I. R. F. .L, deMonlmorcncij College 

of Dentislry, Lahore.) 


[Ucccivcd for pubticatiou, Juno 10, 1947. J 


Iktkobuction. 

Pebiodoktab disease is tlie principal and most serious oral menace to general 
licalth. The prevalence in India o£ these pathologic conditions associated with 
the investing structures of the teeth must constitute a serious threat to the health 
of the community. Laboratory findings and clinical observations have proved 
conclusively that' infections arising from the teeth and their supporting tissues 
arc capal)lc of jmoducing patliogcnic changes in other parts of the body and of 
becoming a source of general systemic infections. The cud result of imtreatcd 
periodontal disease is loss of the teeth : but even this serious sequela .should 
be considered of only secondary importance compared with tlie ])otcntialitics 
of ilic disease as an ictiological or contrii>uting factor in many constitutional 
disturbances. 

From the incipient stages of a simple gingivitis to the terminal phase of a 
destructive periodontoclasia, often extending over a long period of vears, there 
is continuous migration of ijacteria and absorption of toxins into the" circulatory 
system. 

It has been estimated (Hopkins. 1934) that in tlie average adult moutli contain- 
ing the full quota of teeth and in a moderately advanced stage of periodontal 
disease there is an area of approximately 2.490 .«q. mm. of necrotic tissues capable 
of absorbing toxins and bacteria contained in the periodontal pockets. The .situa- 
tion of the oral cavity at the opening of the alimentarv tract increases the poten- 
tialities for harm of sepsis in this region. 

{ 201 ) 



^62 Hy 2 )ertrophic Gingivitis in Indian Children and Adolescents. 

It is recognized that gingivitis and other periodontal conditions are often 
the oral manifestations of a variety of systemic diseases, and these oral symptoms 
of systemic disorders must be carefully differentiated from gingivitis and other 
periodontal lesions due to other causes. Conversely, the importance of oral foci 
of infection as setiologic and contributory factors in many systemic disorders has 
been adequately established. Among these may be included infections and reflex 
disorders of the eye (Kravitz, 1946 ; Lowell, 1934; Winslow, 1938), heart disease 
(Hadcn, 1932), kidney disease (Canby, 1939), duodenal ulcer (Winslow, he. cii.), 
myositis, neuritis and iritis (Albanese, 1934), ansemia (Barrieu, 1939), diseases 
of the gastro-intestinal, genito-urinajy, respiratory and nervous systems (Gobar, 
1937), infectious arthritis (Cecil and Angevine, 1939). 

In a study of periodontal disease certain tjqDcs or phases must be clearly differen- 
tiated. Any classification of the commonest ty]3es must include ; (1) Gingival 
recession due to abrasion ; (2) Atrophy : (a) senile, (b) pre-senile, (c) from disuse, 
(d) from occlusal trauma ; (3) Gingivitis : («) marginal, (6) hypertrophic ; 

(4) Marginal periodontitis (dirt jiyorrhoea) ; (5) Parodontosis (often referred to 
as ‘ idiopathic pyorrhoea ’) ; (6) A sjmdrome or combination of marginal parodon- 
titis and parodontosis. These types are not always clearly defined or easily 
diSerentiated and several may occur together at the same time in the one 
mouth. 

In gingivitis the bone is not involved, at least in the first instance, whereas 
in marginal jjarodontitis active lacunar resorption of the alveolar bone takes 
place. The resorption is of the horizontal type usually beginning on the crests 
of the interdental bony septa. In parodontosis, which is believed to be systemic 
in origin, resorption of the alveolar bone takes place by vascular resorption and bone 
reversion (osteolysis) before the giugivai are involved. Bone resorption is irregular 
and in a plane vertical to the alveolar margin. Once j)ocketing occurs the condition 
becomes complicated by local factors and the syndrome of parodontosis and 
marginal parodontitis may be the end result. 

It is commonly believed that the aetiology of any tyjje of parodontal disease 
is always mixed. The disease may have a background of systemic predisposing 
factors, such as mineral or vitamin deficiencies, metabolic or endocrine disturbances ; 
and may be activated by local irritants, such as toxins, infection, calcarepus 
deposits, faulty oral hygiene and abnormal occlusal stresses. It is also fairly 
generallj’' accepted that the underlying aetiology of gingivitis and diffuse alveolar 
bone atrophy is identical, the latter being a chronic destructive complication of 
a latent gingivitis, the difference being merely a time factor and the extension of 
the disease process from the soft tissues to the alveolar bone or vice versa. 

Periodontal disease is universally extremely prevalent. Even in Western 
countries it is probably the most prolific of all diseases. Black (quoted by Masuda, 
1946) found in America 13 per cent occurrence in patients 20 to 24 years^ of age, 
rising progressively to 88 per cent in patients over 50. Clinical observation over 
a number of years would appear to indicate a much higher incidence of this disease 
in India ; and the limited amount of statistical research so far reported empha- 
sizes the fact that periodontal disease is without doubt the commonest of all patho- 
logic conditions in this count' 
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From available literature it vouH seem that investigations relative to the 
incidence of periodontal disease in India have been confined to ISTorthern India. 
An investigation by Day and Shourie (1944) into the incidence of parodontal disease 
in children and adults revealed that 75 per cent of children suffered from gingivitis 
as early as 10 years of age ; by 30 j'ears of age 62 per cent of one of the healthiest 
groups to be found in the Punjab, ruz. police constables, suffered from chronic 
suppurative periodontitis, and this figme increased to 90 per cent in the 40 to 50 
age group. Day and Tandon (1940) found 69 jper cent of a group of 756 Lahore 
school children affected with gingirdtis. In Hissar (famine area), Kasur (chronic 
endemic fluorosis area), and Kangra valley (rickets and osteomalacia area). Day 
found 85, 55 to 85, and 81 per cent respectively in various age groups from 5 to 18 
years suffering from gingivitis, mainly of the hypertrophic variety. 

In view of the universally high incidence of these disease conditions noted in 
various parts of the Punjab province it was thought desirable to carry out further 
investigations using more accurate methods of assessment and directed specifically 
towards obtaining reliable data on the incidence of periodontal disease in various 
age groups. Careful clinical observation over a long period of years along \vith 
the fact that the incidence of gingivitis decreases with age while that of chronic 
suppurative periodontitis increases strongly suggests that the verj’’ prevalent 
h3fpertrophic gingivitis among children progresses to the chronic suppurative form . 
characterized lay pocket formation and diffuse alveolar bone atrophy in late 
adolescent and adult life. 

As a first step in a more cominehensive study of periodontal conditions in 
India it was decided to undertake an investigation into the incidence of gingivitis 
and relative factors in a large group of children of school age. 

JIateriau and method.s. 

It was considered that a reliable indeK of gingival health and disease in children 
and young adolescents coidd be oljtained by studying conditions in schools attended 
by bo3’^s and girls of an age ranging from 6 to 20 years. With the consent and 
co-operation of the principals, the Islamia High School and Queen ]\rar3' College. 
Lahore, were selected for our purpose. In the Islamia High School, which is a 
middle-class boys school, 1.054 subjects from 9 to 17 years were examined; in 
Queen Slary College, which is attended inosth' 1)3- girls from 5 to 24 3-ears and some 
l)03-s from 5 to 1 1 3'cars (the sons and daughters of ruling princes and well-to-do 
families). 323 subjects were examined, the group ))cing made up of 261 girls and 
62 l^or-s. 

The investigation, therefore, covered a. total of 1,377 subjects constituting 
a reasonably typical cross-section of the Lahore population of this age and adequate 
in number for a detailed study of the clinical aspects of the problem. 

In the few jmcviou.s surveys of this kind in India to which reference has 
already been made, the investigations were in most cases directed towards other 
l>roblcms and not specifically towards a study of gingival conditions : nor were 
very ])recisc methods used for assessing and recording gingival disease. Otherwise 
it is believed that the incidence figures rcjjorted in the earlier investigations would 
]>robably Isave been even higher. 
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_ In order to obtain a satisfactory basis for comparison of gingival status in 
India and elsewhere the criteria suggested by King (1946) for gingival health and 
disease were followed as closely as possible. The following criteria for a ' normal ’ 
condition of the gingivae can be accejited for Indian subjects : a gum margin 
tapering off to the tooth surface to which it is firmly adherent, the papillae almost 
entirely filling the interdental spaces and rising to a point in the region of the 
contact point between the adjacent teeth ; the enamel-cement junction being 
not msible and with no detectable pockets ; the surface of the gum of matt texture 
just distant from the gum margin with the presence of numerous regularly distri- 
buted small depressions giving the tissue an apjiearance somewhat resembling 
the peel of an orange. In the Indian subject, however, the normal gum is not 
always ‘ uniformly pale pink’. It may present a variety of deeper colourings, 
sometimes, but not alwa 3 "S, in conforpiity with the various shadings of the skin 
pigmentation. This fact makes it extremely difiicult to establish a ‘ normal ’ 
colour standard for the oral tissues. Furthermore, in a high percentage of cases 
the gum tissue may present a uniform black or brown pigmentation or patches 
of this pigmentation sometimes extending downwards as far as the interdental 
papillfB. These turn phenomena render it difficult to assess normality in terms 
of colour to evaluate the severity of disease from the degree of injection or 
reddening, and also greatly reduce the diagnostic value of digital pressure 
recovery tests. 

The clinical signs used for the assessmeut of the presence and severity'' of 
gingival disease with the necessary limitations already mentioned were (a) Surface : 

■ disappearance of matt surface with reduction or absence of stippling effect. 
(6) Gum margins : swelling, colour change, detachment from tooth surface with 
dce 2 )ening of the gingival crevice ; pocket formation and, in late stages, suppura- 
tion ; sometimes reddening and ulceration, (c) Paj)ill£e : swelliiig and colour 
changes, which may be confined to the j)aj)illa) or associated with similar changes 
in other parts of the gum margin ; blunting of the normal ])ointed papillary ti ]:) ; 
detachment from the adjacent teeth with interdental jjocketing. Haemorrhage 
ma}^ occur from any part of the gum margin, including the ])apilla.‘, either sponta- 
ncouslj^ or on pressure. 

The signs of gingival disease will vary according to the type of gingivitis studied 
and in the acute, subacute and chronic phases of the disease. Animal exj^eriments 
haAm shown that differences in contour, colour and texture of the marginal 
gum are dependent upon the degree of sub-surface ejiithelial proliferation 
(King, 1944). 

The examination procedure entailed a careful examination of the mouth as a ‘ 
whole with mirror and explorer, and the use of a calibrated blunt probe for estima- 
tion of jjocket depth. The examination was conducted either in good natural 
light in the open air or by satisfactory artificial illimiination. 

In order to test the value under Indian conditions of the procedures outlined 
by Iving, a small section of the whole group, approximately 10 per cent, 
Arere examined bj' the precise method aclA’ocated, concentrating ui^on the eight 
gingiAml regions between the canines and lateral incisors and betAveen the lateral 
'and central incisors of both upper and lower jaws. The Chart shoum u'as used 
for these precise observations (see end of pajier). 
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Data was soiipM relative to the condition of the ginns. presence of dental 
caries, tartar, food debris, plaques, malocclusion and cleansing^ habits. The 
presence and degree of gingival disease were asse.?.sed by oliservatiou pf colour, 
texture, gum margins and papillaa, expo.sure of the enamel-cement junction, depth 
of lateral, lingual and interdental pockets and presence or absence of suppuration. 
Digital pressure was used to test for colour recovery and ha?morrhage. 

Eesults aot) discussion. 

(i) Type of gingival rffseasc.-— From general observation and the evidence 
produced in this .sur%"ey of 1,.377 children and adolescents it can be stated that the 
type of gingivitis encountered in bTorthern India is almost entirely of the hyiier- 
trophic varfety. Hypertrophic gingivitis is characterized by an enlargement of 
the gingival tissues and may be either proliferative or cedematous in nature. In 
the proliferative type there is an increase in tissue elements rather than an increase 
of fluid in the cell interstices. The tissue is firm and fibrous and does not tend 
to bleed easily. This is the type most commonly met with in India and universally 
found in the group under discussion. In manj' cases it was found that the jiroli- 
ferative type was associated with an oedematous papilla nhich thus became softer 
due to seepage of fluid, and of a more bluish or maroon colour than the hard fibrojus 
portion of the gum margin. In the more severe cases the condition sometimes 
became complicated on the extreme edge of the gingival margin by a reddening 
or ulceration more characteri.stic of a marginal gingivitis. It is believed that tlie 
oedematous papilla and the marginal ulceration is merely a secondary occurrence 
following the primary jmoliferation and due to the presence of irritants such as 
food ddbris and calculus against the greater retention area created by the proli- 
ferated tissue. In some cases the entire gingivm of both jaws were in^'olved but 
in the gre.at m.ajority of cases the anterior gingivie from central inrisoTS to canines 
shov ed a greater incidence and degree of disease. 

Whore gingival disease was present it was not confined in any case to onlv 
one or two of the eight anterior regions examined. In the great majority of oases 
the disease involved uniformly the whole of the gingivae of the upper and lower 
anterior teeth but showed in ap]>roximately 7 per cent of subjects a detectable 
variation in severity of the lesions in the four areas studied in the same jaw. and 
in 30 per cent a dift’crence in degree of involvement between the upper and lower 
gingivfo. A definite reddening and ulceration at the extreme margin of the 
gingivffl. more characteristic of marginal gingivitis, was noted in 26-45 per cent 
of subjects e.vamined, the incidence being in direct relation to the degree of 
jiroliferativc gingivitis, “ 

(h) Incidence of gingival discasc.—Tiom a companVon of statistics in the 
available literature and from observations in other countric.? it would seem evident 
that the incidence of gum disease in India, at least in the lower and middle classes, 
is extremely high and probably the liighest so far reported in a similar age group! 
It is also believed that the extent or severity of the lesions is much greater on the 
avornge than those ordinarily encountered clsewliere. Of particufar interest is 
the almost universal occurrence of the hypertrophic fvTie of gingivitis, the absence 
of the recessive tyjie and the appearance of the margin's! inflammatorv tvpe a« onlv 
a secondary lesion .superimposed on the oricinnl hvperfrophic from ' ' 
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In the absence of uniformity in the methods employed in the assessment of 
gingival disease and in view of the differences in the types of disease found 
by investigators in the groups examined it is difficult to make a satisfactory com- 
parison of the incidence of gingival disease in various countries or even in similar 
groups in the same country. In America. McCall (1933) and Brucker (1943) reported 
strikingly different incidence figures for European children of 98 per cent and 8-7 
per cent respectively, in contrast to 3 per cent reported for the American Negro 
(Sterling, 1928). Balendra (1937) states that gingivitis and pyorrhoea occur in 
only 20 per cent of those examined in Ceylon. The New Zealand Maori children 
are said to show a gingivitis incidence of 94 per cent (Saunders and Taylor, 1938). 
Using very severe diagnostic criteria, King (1945) reported incidence figures for 
gingivitis in Great Britain ranging from 55 to 97 per cent. 

Table I shows the incidence of gingival disease in a group of 1,054 boys of the 
Islamia High School in Lahore (Punjab Province). The age range was from 9 to 
,17 years. It vill be noted that only 6 of the 1,054 subjects examined showed an 
absence of gingival disease. Four age groups showed an incidence of 100 per cent 
and in all groups but one the incidence was over 99 per cent. The average disease 
incidence for all age groups was 99 ‘43 per cent. In view of the severity of the 
lesions it was found necessary in assessing the extent of gingivitis to classify the 
degree of involvement as (i) slight to moderate disease, (ii) severe disease, (m) 
very severe disease denoted by 4-> +4-> and gingivitis respectively. 

The table shows that of the total, 73 '62 per cent showed either severe or very severe 
gum disease, 26-81 per cent slight to moderate gum disease and only 0-57 per cent 
could be classified as normal. The average disease figure was arrived at by adding 
the sum of the plus signs and dividing by the number in the group. There 
would seem to be no significant difference in incidence or disease figure in the 
various age groups. 

Table II shows the gingival status of 2G1 girls examined in Queen Mary College, 
Lahore. It will be seen that l)oth the incidence and severity of disease are signi- 
ficantly less than in the Islamia High School (Table I). The age range is different 
in the two groups, but if only those between the ages of 9 and 17 years are 
considered in each case, a satisfactory comparison can be made. On this basis 
it was found that the percentage incidence of disease was 99-43 for the 1,054 boj's 
examined and 73-74 for the 179 girls in the same age range. The average disease 
figures were 1-94 and 1-21 respectively. In addition to the sex variation there 
was, as has nlready been pointed out, a socio-economic difference between these 
two groups. 

As in the case of the boys there was no constant correlation between age and 
disease figure but in the case of the girls there- was a definite though somewhat 
irregular increase in the disease figure from 11 years onwards corresponding wdth 
the age of puberty. This may indicate that there is a hormonal factor concerned in 
the a 3 tiology of gingivitis at this age as in the common ‘ pregnancy gingivitis . 

A small group of 62 boys from 5 to 11 years attending Queen Mary College 
and of the same social status as the girls was also examined for purposes of com- 
parison (Table III). On comparing the gingival condition of 58 boys and 106 girls 
in the same age range (6 to 11 years) it was found that both the incidence and 
extent of disease were significantly greater in the boys, the incidence and average 
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Gingivitis incidence. 

{Islamia High School, Lahore— Boys.) 


G. D. Marshall Day and K. L. Shonrie. 


267 



TorAi- 1.05 1 , 0 , 272 I .7(}li j 210 1,048 25-81 oli-VO 19-92 99- IS l-'j-l 





Table II. 

Comparative incidence of gingivitis, calculus and plaque 
(Queen Mary College, Lahore — Girls.) 
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disease figures being 77‘59 i)er cent and r03 for the boys and 70'75 per cent and 
0‘90 in the case of the girls. 

From the accumulated data of j)i’evious investigations iii this country and 
from the figures here produced it is evident that the incidence of gingival disease 
is extremely high in all sections of the population. The disease is alarmingly 
prevalent not only in famine and deficient areas but also in apparently veil-nourished 
population groups. Children in rural and urban areas alike are affected, and the 
disease is by no means confined to sections of the community of a lov socio-economic 
level. In this country periodontal disease presents a problem infinitely more 
serious than dental caries to which an immunity of as high as 74 per cent has been 
reported in some areas (Day, 1944). From the vierypoint of its universally high 
incidence and potentialities for harm the problem of ‘periodontal disease should 
command much more interest than in the past. 

A more precise study of certain aspects of gingival disease and related factors 
has been made on a small group (121) of Islamia High School boys with the aid of 
the gingivitis diagnosis Chart already referred to (see end of paper). This was 
done in order to test the efficiency of methods used in other countries for assess- 
ing gingival health and disease and, if necessary, to modify and adapt those 
methods to Indian conditions in preparation for future and more comprehensive 
investigations along similar lines. It was expected that such a course might 
reveal certain productive avenues for further investigation. 

(in) Variations in the colour of the gum . — In -vdew of the common use of tissue 
colour changes in the differentiation of health from disease, particular attention 
was given to the colour of the gum tissue. In the European there is considerable 
variation in colour even in apparently healthy gums which makes the use of colour 
change as a diagnostic aid of uncertain value. In the Indian the situation is further 
complicated by the presence in a high percentage of cases of a condition of a general 
epithelial pigmentation ranging from brown to black in colour, or alternatively 
and more commonly of patches of this pigmentation, sometimes extending as far 
as the interdental papillm. It was found that 58 per cent of the subjects examined 
presented this anomaly in one form or the other. Investigation showed that though 
the correlation was not constant for Jndividuals the incidence of gum pigmenta- 
tion was in direct relation to the colour of the facial complexion or degree of 
skin pigmentation. 

Table IV. ' 


Gum pigmentation . 
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Table IV shows that of those with light-bro-wn, medium-brown and dark- 
brown skins, 0, 59 and 80 per cent respectively had one or other form of 
gum pigmentation superimposed on the usual pink colour. This anomaly occurring 
m almost three-fifths of the subjects examined, together with a greater variation 
in ‘ normal ’ colour tones, not only minimizes the value of colour changes as criteria 
for gingival disease in India but also makes the utilization of pressure recovery 
tests of very doubtful value. Despite these observations a record was kept of 
colour changes where these were detectable. Of the total, 44'63 per cent showed 
discernible colour changes and 24'79 per cent were charted as doubtful." The most 
that can be said in view of the confusion created by these anomalies is that the 
incidence of detectable colour change was in direct proportion to the severity of 
the disease. 

(iv) Gingival pockets . — ^The occurrence of periodontal pockets of var}dng depth 
was a universal finding in all cases of gingival disease. It is difficult to know just 
what constitutes a normal gingival cre\dce and this has not been standardized for 
Indian mouths. The location of the gingival cremce largely depends on the age 
of the individual. Up to the age of adolescence the bottom of the crevice is usually 
located on the surface of the enamel. Later, it is at or near the cemento-enamel 
junction and after middle age it is as a rule on the root surface -{Kronfeld, 1940), 
In the hypertrophic t 3 rpc of gingi\dti8 the cemento-enamel junction is not ordinarily 
exposed and this w'as the case in the subjects examined. In each case a record 
was kept of pocket depth measured from the base of the gingival crevice to the 
free margin of gum. In Table V is seen the average pocket depth in mm. in the 
labial, lingual and interdental regions in both upper and lowei; jaws. In all degrees 
of gingivitis the average pocket depth was significantly greater on the labial than 
on the lingual surface, the interdental pockets being of still greater depth. In 
most cases the depth of pocket was significantly greater in the upper than in the 
lower. Only in cases where there was a specific local cause such as deep overbito 
was the pocketing greater on the palatal than on the labial surface. Suppuration 
j,vas recorded in only 4'13 per cent of the cases examined. 

Tabi-e V. 


Gingival pocket depth. 
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(v) Hypertrophy of gum margins andpapillw. — The thickening of the free 
margin of gum characteristic of the proliferative type of hypertrophic gingivitis 
was an almost universal occurrence in the large group of Islamia High School boys 
and in all those affected with the disease in Queen Mary College. The degree of 
hypertrophy was recorded as one, two or three plus signs and a hypertrophy figure 
arrived at by sumruating the plus signs. The average figure for the group was 
obtained by dividing by the number of subjects examined. The average for the 
interdental papillae {T99 in both upper and lower) W'as appreciably higher than 
that for the marginal crests (1'92 in the upper and TSS in the lower). The average 
figure for marginal hypertrophy in the lower marginal crests may possibly be related 
to the differences in salivary and serumal calculus deposition in the upper and 
lower. The higher figure for the interdental papillse reflects the greater degree 
of papillary congestion and oedema. It was noted that where congestion or oedema 
did not occur there was not the same tendency for loss of the normal stippled or 
matt appearance of the epithelial surface. The regularity of the heaping up of 
tissue in the proliferative type, uncomplicated by oedema or congestion, would 
account for the retention of a more normal surface texture. 

(vi) Haemorrhage. — The presence or absence of haemorrhage on firm digital 
pressure has frequently been used as a diagnostic criterion for gum disease. Tabic 

shows the findings in this investigation. Bleeding could be induced on digital 
pressure in 29 per cent of the upper and in 37 per cent of the lower gingivaj. The 
percentage showing hemorrhage was in direct relation to the severity of the disease, 
but the value of this test as a diagnostic aid must be largely discounted in view 
of the fact that of the cases with gum disease approximately 70 per cent of the 
upper and over 60 per cent of the lower gingivse showed no haemorrhage. ]\Iore- 
over, it will be seen that as high as 12 per cent of lower gingivse witli slight to 
moderate gingivitis showed hsemorrhage, whereas in 26 per cent of those with 
very severe gum disease haemorrhage could not be induced, 

\ 

Table VI. 
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(mi) The incidence of salivary and senimaJ cahithis in relation to gingivitis . — 
111 recording the incidence of tartar deposits a differentiation -was made between 
salivary and seminal calculus. The degree of deposit was expressed in each case 
as +, ’+ + and ^ — i — h (slight, moderate and severe) and a ‘ calculus figure ’ 
calculated by totalling the jdus signs and dividing by the number of subjects in 
the group. 

The results for a section of Islamia High' School boys are set out in Table VII, 
Salivary calculus occurs predominantly in the lower jaw and serumal calculus in 
the upper. On comparing the frequency and degree of tartar deposits, as indicated 
by the calculus figure with the severity of gum disease, it is seen that, for subjects 
with (a) salivary calculus, (6) serumal calculus, and (c) both salivary and serumal 
calculus, the calculus figure increases with the severit}’- of the disease in both upper 
and lower jaws. This relationship is maintained if the total calculus figure is 
considered. Also the percentage of the subjects with calculus significantly increases 
with the severity of the disease. 

On the other hand it will be seen that in the upper, 61 ‘71 per cent of subjects 
with slight to moderate gum disease and 43‘94 per cent of those with severe disease 
were entirely free of calculus deposit. The association of gum disease with 
freedom from deposits was also noted in the lower but to a less extent. 

Similarly, in the Queen Mary College, of the 261 girls examined 179 or 68'68 
per cent showed a complete absence of calculus, while only 69 or 22 '22 per cent 
were free from gingivitis. 

It is commonly thought that calculus deposit is one of the most important 
factors in the production of gum disease. Cogan (1939) states that ‘ the most 
prevalent cause of gingivitis is the presence of calcareous deposits about the nechs 
of the teeth ’. From the above figures it is evident that while there may be an 
association between the presence of calculus and gum disease it is not an important 
retiological factor in the type of gingival disease encountered in the present investi- 
gation. 

No definite relation I'etwecn calculus deposits and age could be established 
in the Islamia High School boys, but in the Queen ^lary College girls there was a 
steady increase in the calculus figure with increase in age from 6 to 16 years, as 
also in the gingivitis figure (Table II). 

The relative incidence of the %-arious types of calculus expressed as a calculus 
figure was ns follows : — 



Upper. 

Loiver. 

Salivary calculus 

0-20 

1-07 

Serumal calculus 

0-48 

0-02 

Both salivary and serumal calculus 

0-02 

0-28 


The total calculus figure in the lower (1-37) vas more than twice that of the 
upper (0-62) and the percentage of subjects free from calculus was 8-26 in the 
lower and -la-SO in the upper despite comparable gum disease figures (Table Ml) 
Absence of tartar on the palatal surface of the upper anterior teeth was a constant 
finding. ^ 



Table VII. 

Incidence of salivary atvd seruirml calculus in relation to gingivitis. 
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{viii) Plaques and debris. — A figurp foj- plaques and food debris was calculated 
in' the same way as for tartar deposits. In the case of the Islamia High School 
boys the findings (Table "NHII) indicate a definite tendency for both the plaques 
and debris figures to increase with the severity of the gum disease. In Queen Mary 
College girls the figure for plaques only was recorded and this was found to be in 
direct relation to the gingivitis figure and to increase with age from 6 to 16 years. 
Debris was present in 87 per cent of subjects in the upper and 86 per cent in the 
lower. Plaques were even more prevalent. The evidence was not sufficient to 
draw any definite conclusions regarding their importance as other than only contri- 
buting causative factors. 

Table VIII. 


Incidence of debris and plaques. 


E.xtent of gingiv.al 
disease. 

Number of 

subjects. 

Debris. 

1 

Debris figure. 

1 

Plaques. 

- 

Plaques figure. 

, Nil\ 

1 

1 

-h -h 


1 Nil. 

*f 





1 

Nil ... 

2 

2 


... 

... 

1 

0-00 

i i 

1 ^ 

1 

... 

... 

0*50 



] 

Slight to moderate 

34 

10 

23 

1 

... 

i 0*70 ‘ 

1 ’ 

6 

24 

4 


.0*94 

Upper 


i 

Severe ... | 

60 

4 

47 

14 

1 

1-18 


50 

1 15 

1 

1 ! 

1*26 


L 

Very severe 

19 

... 

14 

4 

! ' 

i 

T32 

... 

12 

1 

■ 

— 

1*37 

Total 

121 

10 

84 

19 


1*06 1 

i 

7 

! I 

87 

26 

1 ; 

ri7 



Nil ... 

2 ' 

1 

2 

1 

i 

] 

1 

1 ' 
0-00 

... 

1 



1-00 



Slight to moderate 

35 

11 

21 

3 

.«• 

0-77 1 

I 6 

26 

4* 

1 

0-94 

Lower • 



1 


1 







1 




Severe 

63 

4 

46 

12 

1 

1T6 

1 

44 

i 18 

1 

1 

1*32 



Very severe 

21 

... 

j 16 

1 

4 

1 

1-29 

i 

1 •». 

1 

9 

i 

10 

; 2 

1*67 

Total 

121 

17 

1 

83 

1 

19 

2 

1 

1*05 

6 

80 

32 

3 

1*26 


Data was recorded relative to tooth cleansing habits. In most cases cleansing 
was carried out very irregularly and it was felt that not much reliance could be 
placed on the information obtained.* Questioning elicited the fact that 32 per 
cent never cleaned their teeth, 47 per cent used the teased twig (dattan) method, 
4 per cent used a brush and 17 per cent .other methods such as charcoal with the 
finger. The gingirdtis figure was 1‘90, 1*74, 2*00 and 2*00 respectively, 

(ix) Dental caries in relation to gum disease. — ^Dental caries and faulty 
restorations are considered by some to be important factors in the production of 
gingival disease through irritation and injury to the gingivse. In the group studied 
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in this connection no fillings or other restorations and no carious cavities vere found 
in the anterior teeth and therefore could not he causative factors of disease in the 
regions examined. Cavities in posterior teeth could not he considered as causative 
agents except in so far as they contribute to general oral malhygiene. These find- 
ings are recorded in Table IX ;~ 


Table IX. 


Dental caries and gingivitis. 


Degree of 
gum disease. 

Number 

of 

subjects, j 

! 

Number 

caries-free. 

Number 

of 

teeth. 

t Number 
of 

[ c.avities. 

Number 

of 

cavities 
per child. 

Per cent 
teeth 
carious. 

1 

Caries 

index. 

A’li ... 

2 ' 

0 

.10 

0 

3-00 

10-71 

0-11 

Slight to moderate 

34 

8 

1 893 

130 

3-S2 

14-5G 

0-15 

Severe 

GO 

22 

1 1,S07 

211 

3-20 

11*G8 

1 

0-12 

Very severe 

19 

0 

1 537 

G7 

3-52 

12-48 

0-13 

Total 

121 

) 

30 

1 

3,293 

414 

3-42 

12-57 

0-13 


In the 3,293 teeth of the 121 subjects in the Islamia High School of vhich 
caries records were kept only 414 cavities -were found, all in the posterior teeth. 
Of the total number of teeth only 12'57 per cent were carious or an average of only 
3'42 per subject examined. It is seen that no relation exists between dental caries 
and the extent of gingival disease. 

{x) Malocclusion and gingivitis . — Malocclusion is often referred to as an 
important factor in the ajtiology of gingival disease, in view of the localized trauma 
it is said to produce on the periodontal tissues and the increased food impaction 
and calculus formation induced by dental irregularities. 

In the group examined, comprising 121 Islamia High School boys, 54 showed 
a condition of normal occlusion and 67 had malocclusion. Of those, 53 and 66 
respectively had gingivitis and the average gingmtis figure was 1-82 for the normal 
subjects and 1'87 in the case of those with malocclusion. For cases showin" 
evident crowding the figure was 1-86 and for those with close bite 1-87. It would* 
therefore, seem that in the group examined malocclusion could not have plaved 
any more than a very minor role in the production of gingimtis ; nor was there 
any evidence to indicate that traumatic or pathologic occlusion was concerned 
in the disease condition. 


Summary axd coxclusioxs. 


1. Using 
in 1,377 Indian 
levels. 


precise diagnostic criteria gingival conditions were investif^ated 
ciiddren ai\d adolescents of both sexes and different socio-economic 
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2. Reference is made t,o tlie prevalence of various types of periodontal disease 
in Tndia aud its imporl.ance as a possible aetiological or eontril)nting factor 
in systemic disorders. 

3. An extremely higli incidence of gingivitis, predominantly of tbe prolifera- 
tive hypertrophic type, is reported, varying from 99-43 to 73-73 per cent at different 
social levels, Avith a tendency towards a higher incidence amongst males, 

4. The diagnostic criteria for gum disease and methods of assessment are 
discussed in some detail with particular reference to Indian subjects. 

5. Reference is made to difficulties in establishing a ‘ normal ’ for gum colour 
due to wide variations and tlie presence of pigmentation in a high percentage of 
sul)jects. ^^^lile not constant for individuals, the incidence of gum pigmentation 
was in direct relation to the degree of skin pigmentation. 

6. The incidence of salivarj'- and serumal calculus is discussed. Reasons 
are given for the conclusion that though there may be an association between the 
presence of tartar and gum disease it is not an important causative factor in the 
type of gingh^al disease encountered in the present investigation. 

7. There was no e\ddence that oral hygiene in terms of ])laques, debris 
and tooth cleansing habits played a major role in the setiology of hypertrophic 
gingivitis. 

8. In wiew of the absence of dental caries in the anterior teeth of the group 
studied in this connection, it is eAudent that caries could not be a causative fa ctor 
of gingival disease. 

9. The iiiA’-estigation disclosed no evidence to suj)port the aucaa’- that malocclu- 

sion is an important factor in the mtiology of hypertrophic gingiAutis or that patho- 
logic occlusion Avas concerned in the production of the disease. * 

10. In view of the above findings it would seem evident that the high incidence 
of hypertrophic gingiAutis of the proliferative type reported in the present investi- 
gation is not due to the local irritating factors usually advanced as important 
causative agents, though these may have contributed in a greater or less degree, 
to incidence or extent of lesions. It would seem more probable that, the aetiology 
is mixed and that the condition may haAm a background of systemic predisposing 
factors such as mineral or Autamin deficiencies and metabolic or endocrine 
disturbances. 

Ro positive evidence could be obtained in an earlier experiment designed 
to study the effect of ascorbic acid on gingival conditions (Day and Shourie, 1943). 
-Afellanby and King (1934) have demonstrated the production of epithelial hyper- 
]Alasia of the periodontal tissues through vitamin A deficiency. Associated Avith 
a A'ery high incidence of hypertrophic gingRitis in the Punjab we find that the 
amount of vitamin A in the diets usually consumed is inclined to be loAA^ Case.s 
of Bitot’s .spots, dryness of the skin (Amrying from ordinary dryness to phrynoderma), 
the frank expressions of Adtamin A deficiency, are encountered. Though this aspect 
of the })roblem has not yet been specifically iuAmstigated the conditions suggest 
that there may be an association betAA-een Adtamin A deficiency and hypertrophic 
gingh^itis. .Uso the Punjab diets are based on cereals and pulses and contain 
comparatively little milk, fruits and vegetables. There is, therefore, a possibility 
of an acid-ash imbalance. . 
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Thanks are due to the Principal, Queen Jlarj’ College. Laliore, and to Jlian 
Abdul Hakim, Headmaster, Islamia High School, Slieranwala Gate. T^nlmre. ff>r 
their conrtes}' and co-operation daring the examination. 
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Chart. 

Dental Eeseaech Unit, I, R, F. A., deMontmorbncy College of 

Dentistry, Lahore. 

(Periodontal disease.) 


Name : 


Sex : 


Age ; 


Class : 


Complexion : Facial. 

Oral tissue. 


Upper. 


Caries 
Tartar 
D4bris 
Plaques- 
Gingivitis 

(i) colour 

(ii) margin 
(in) papilla 

{iv} enam.-oem. junction 
(■y) texture 

{vi) pressure (a) recovery 

(6) hfcmorrhage 

(vH) pockets la) marginal, labial, lingual 
(b) interdental 
(viii) suppuration 


Lower. 


{viii) suppuration (6) interdental 
(vii) pockets (a) marginal, lingual, labial 
{vi) pressure (6) hsemorrhage 
(a) recovery ... 

(u) texture 

{iv) enam.-cem. junction 
{in) papilla 
{ii) margin 
{i) colour 
Gingivitis 
Plaques 
Ddbris 
Tartar 
Caries 


IMalocclusion. 

Cleansing habits {a) Brush. {b) Dalian. (c) Other. 

Total number of teeth. 

Total number of cavities. 


Miscellaneous notes : — 
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PLASMA PEOTEINS IN HEALTH AND DISEASE. 

Part I. 

PLASJIA PROTEINS IN HEALTHY INDIVIDUALS. 

BY 


N. C. DATTA, 


AKD 

R. K. CHAKRAVARTY, m.«c. 

(An Inquiry under the Indian Research Fund A.ssoci(ilion.) 

(From the Department of Physiology, Grant Medical College. Bombay.) 

[Rccoivod for piibhcatioii, April 28, IQ17.] 


Tub dctcmiiiuition of plasma proteins in normal individuals has been carried 
out by several worlccrs. Although there is general apeement. among different 
\vorker.s with respect to the average nonnal concentration of each of the protein 
fractions, there would appear to he a wide margin between the lowest and the 
highest values found normally. Besides, these values for normal serum protein 
arc not entirely satisfactory, since most of the studies have been made upon small 
groups of persons whose state of health in many cases is open to question. The 
difference in the technique in the analysis of proteins as used by different workers 
may also have led to certain discrepancies. 

The largest series of plasma protein values reported in the literature, in which 
albumin and globidin of normal human blood were separated by the method of 
Howe (1921) and determined by the Kjeldahl procedure, are 32 analyses of plasma 
from IG men and 16 women by Salvesen (1926) ; those of Linder, Lundsgaard and 
van Slj'kc (1924) from 8 normals, and those of Moore and van Slyke (foSO) from 
9 othcr.s ; and 21 analyses of .'^crum from 13 males and 8 females by Bruckmau 
d’Esopo and Peters (1930). 

Gutman. Jloorc, Gutman. .McClellan and Kabat (1941) haye reported the 
results of the complete fractionation of serum proteins in 36 normal adults by the 
Howe’s method with precautions to avoid the loss of filtrate protein throur'h 

( 2S1 ) 
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adsorption on the filter-paper as shown by_ Kobinson, Price and Hogden (1937). 
The results without these precautions during filtration are also recorded for 10 
Jiornial adults." By comparative analysis these authors have shown that the 
albumin level may be higher when such precautions are taken (as much as -f 0'3 g. 
])er cent). 

There is, however, great paucity of data with respect to plasma protein values 
iji normal Indians. Mudaliyar, Sundaram and Bamchandran (1933) reported the 
results of the analysis of serum proteins ifx 9 normals by the salting out method 
of Howe,, followed by colorimetric method of Greenberg (1929). Lloyd and Paul 
(1928) presented data on 9 others by the refractometric method. The marked 
chemical, physiologic and immunologic differences between the different protein 
fractions of the blood plasma have made it increasingly important that a 
quantitative study be undertaken to determine the amoimt of albumin, 
globulin and fibrinogen present in the blood of healthy Indians.- An accurate 
determination of the normal concentration of each of the separate protein 
fractions is essential foy the interpretation of the results in pathologic conditions. 
This communication presents the results of determination of protein fractions in 
the blood plasma of 70 healthy individuals. The normal concentrations of 
‘ evglohdin\ and of ‘ psendoglobvlin ’ fractions of the total globulin have been 
included in this series, and form a baseline for our subsequent studies on the 
difference of -disease on these' fractions of plasma protein. 

Matisrial and method. 

The subjects of this study were mostly medical students and members of "the 
staff. i\ll subjects with good health records were taken as normals. Everj' 
attempt was made to exclude those who might present variations in any of the 
protein fractions as a result of malnutrition, mild or chronic infections. Six children 
included in this series were those who attended the hospital for slight injuries and 
were clinically declared as normal. 

Most of the blood samples were taken from one to two hours after the usual 
breakfast. A few samples were taken an hour and a half after other meals. The 
blood samples were placed in a tube containing potassium oxalate in the concentra- 
tion of 2 mg. per c.c. as an anticoagulant. The plasma was separated within an 
hour from the time the blood was taken. 

The total protein was determined from the value of total nitrogen determined 
in 0'5 c.c. sample b 3 ’^ the micro-Kjeldahl technique. The non-protein nitrogen 
was determined in ] c.c. samples of plasma by the method of Fohn and Wu (1919), 
and the difference between the total nitrogen and the non-protein nitrogen was 
multiplied by the conversion factor 6'25 to give the value of total protein. ' The 
fibrinogen was determined in 0’5 c.c. of the plasma by precipitation as fibrin by 
the method of Cullen and van Slykc (1920), and the nitrogen was determined by 
taking the difference between the total nitrogen and the nitrogen in the fibrinogen- 
free filtrate. 

The albumin and globulin were determined by the sodium sulphate method 
of How'e (loc. cii.). Absolute precautions to avoid a filtration error through adsorp- 
tion on the filter-paper were not possible. For the determination of albumin 
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15 c.c. of 22'5 per cent solution of sodium suipbate (Merck’s anhydrous) were added 
to 0-5 c.c. of the plasma and the mixture was allowed to remain at 37°C. for 3 hours. 
The precipitate of globulin was filtered through 9 cm. of Watman filter-paper. 
The first filtrate (approximately 2 c.c.) was discarded. The nitrogen was then 
determined in' 10 c.c. of the last portion of the filtrate by the procedure indicated. 
The plasma globulin including the value of fibrinogen was determined by 
difference. 

For the determination of ' cit globulin \ 15 c.c. of 1 4 ])er cent solution of 
anhydrous sodium sulphate Averc added to 0‘5 c.c. of plasma and the mixture was 
allowed to stand at ST^O. for 3 hours. For filtration 7 cm. of ‘Watman filter-paper 
(Mo. .50) was used. The nitrogen was determined in 10 c.c. of the last portion of 
the filtrate. The difference between the nitrogen in the fibrinogen-free filtrate 
.and the nitrogen in the filtrate from 14 per cent sodium sulphate precipitation 
v'as taken as ‘ cuglobiilin ’ nitrogen. The total protein and ‘ cuglobnlin ’ were 
also determined in 0'5 c.c. of the scrum for comparison. 

Results. 

This series of 70 determinations of plasma proteins in normal healthy individ- 
uals consisted of 45 males and 25 females The age varied from 5 to 50 years. 
Most of the analyses were done during the rainy season extending from the end 
of June to the end of August. Only 12 out of 70 determinations were made in 
winter and the other 12 in the hot months of April, May and Oetober. Hence 
a study of the influence of the season of the year on the concentration of plasma 
])roteins was not possible. No significant difference in the value of plasma protcin.s 
was observed for the two sexes nor for groups of persons living on vegetarian and 
non-vegetarian diets. 

In Tables I and II arc included the results of fractionation of plasma proteins 
Ijy the method of Howe in 45 males and 26 females respectively. 


I Table 1. 

Fractionation of plasma proteins by the method of Home ui 45 healthy males. 


Nnmhpv. 

Ago in 

vrnr8. 

Tot.ii 

protein. 

Albumin. 

i i 

i Globulin. 

1 i 

Euglobulm. 

Pseudo- 1 
globulin. ' 

i 

1 Fibrinogei 




(UcsiilU ill 

g. per 100 u.c.) 



1 

1 

1 

"■'.IS 

.'>•34 

' ■2-Cl 

h-42 

1 

1 2-0! 

* 

n*!s 

.» 


7 -lie 

5-32 ; 

' 2-CO 

o-.i.-, 

2-08 

0-17 

1 

■ 2 ~ 

1 

7-8S 

,7’13 

2i.7 


2-02 

0‘22 

4 1 

1 

i 

7‘S7 

•VU 

2’7(J 

0-G3 

1-S7 1 

0'2i! 

fi ! 

1 

T-S j 

5-10 1 

2-70 

0-01 

1-69 1 

; 0-20 
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Table I — contd. 


Number. 

Age in 
years. 

Total 

protein. 

Albumin. 

Globulin, 

Euglobulin. 

Pseudo- 

globulin. 

* 

Fibrinogen. 

- 



{Results in g. per 100 c.c.) 



6 

21 

7-83 

4-96 

( 2-87 

0-63 

1-92 

0-32 

7 

24 

7-82 

5-16 

2-66 

0-66 

1-78 

0-22 

8 

20 

7-75 

5-09 

2-66 

0-59 

1-58 

0-49 

9 

9 

7-7o 

5-00 

2-75 

0-46 

2-11 

0T8 

10 

12 

7-68 

5-OC 

2-62v 

0'65 

1-75 

0-22 

11 

23 

7-G8 

4-96 

2-72 

0-54 

1-71 

0-47 

12 

25 

7-68 

4-87 

2-81 

0-55 

2-11 

0-15 

13 

22 

7-62 

5-10 

2-52 

0-43 

1'90 

0-19 

14 

18 

7-G2 

4-98 

2-64 

0-64 

1-94 

0-16 

15 

24 

7-5G 

4-98 

2-58 


1-78 

0-40 

IG 

3G 

7-5C 

4-94 

2-G2 

0-38 

1-95 

0-29 

17 

28 

7-5G 

4-88 

2*68 

0‘66 

1-76 

0-26 

18 

30 

7-66 

5T5 

2-41 

0-62 


0T9 

19 

10 

7-56 

4-92 

2-64 

0-46 

2-01 

0-17 

20 

10 

7-54 

4-92 

2-62 

0-40 

1-92 

0-30 

21 

6 

7-50 

4'75 

2-75 

0-62 

1-78 

0-36 

22 

32 . 

7-SO 

4-82 

2-68 

0'46 

1-84 

0-38 

23 

28 

7-43 

5-06 

2-37 

0-36 

1-81 

0-20 

24 

IS 

7-40 

4-86 

2-54 

0-43 

1-93 

0T6 

26 

30 

7-40 

4-89 

2-51 

0-68 

1-36 

0-47 

26 

27 

7-39 

4-75 

2-64 

0-54 

1-90 

0-20 

27 

21 

7-37 ' 

4-85 

2-52 

0-45 

1-84 

0-23 

28 

19 

7-37 

4-70 

2-67 

0-35 

3-16 

0T6 

29 

26 

7-37 ' 

1 

4-86 

2-51 

0-59 

1-77 

0-15 

30 

19 

7-30 

4-97 

2-33 

0'54 

1-61 

0T8 

31 

22 

7-25 

4-67 

2-68 

0'52 

1-88 

0-18 
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Xumber. 

1 

Ago in 
year^. 

Total 

protein. 

r ' i 

Albumin. | Globulin, j 

1 1 ' 

E.eiob.ii.. ' . 

' i 

Fibrinogen. 

t 


(Kesulta in g. per 100 c.c.) 


32 

24 

7-18 

4-72 

1 2-4G 

0-54 

1*71 

0-21 

33 

27 

7T8 

5-03 

i 2-15 

0-37 

1-52 

0-26 

34 

27 

TOO 

4-3S 

2-08 

0-G9 

T69 

0-30 

35 

28 

7-03 


2-73 


T75 

0-2G 

30 

26 

7'G5 

5-OG 

2-59 





37 

30 

7-50 


2-45 





38 

32 

TOO 

o'Oo 

2-45 




• 

39 

32 

7*40 

4-75 

2-71 





40 

24 

7-40 

5-2u 

2-20 

1 








Y Globulin subfraction not determined 

11 

22 

7-38 

5-OS 






42 

23 

7-31 

4-94 

2-37 





43 

30 

T30 

4-74 

2-50 





44 

25 

7-25 

4-87 

2-3S 





45 

28 

7-12 

4-44 

2-71 

J 





Number. 

Jlean, 

g. per 100 c.c. 

i Standard 
deviation. 

1 

1 Coefficient 
of vari.ation. 

Total protein 

! 

4.-1 1 

"’ol 

0-23 

3-0 

.Albumm ... 

... 4r» 

4-93 

, 0-20 

4'U 

GlobxtVm ... 

45 J 

2-5S 

, 0-lG 

c-o 

Eiiglobulin 

3.7 1 

U*o2 

o-io 

20-0 

P.=oudoglobulin 

37 

TSt 

0-17 

9-C 

nbrinogcii 

37 

1 

1 

o'2ri 

0-09 

39-0 


J, Mn 


4 
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Table II, 


Fractionation of plasma proteins by the method of Howe in 25 healthy females. 


\ 

Number. 

Age ia 
years. 

Total 

protein. 

Albumin. 

GlobuUn. 

Euglobulin. 

Pseudo- 

globulin. 

Fibrinogen. 




(Results in g. per 100 c,c.) 



1 

25 

7-95 

5-20 

2-75 

0-70 

1-70 

0-35 

2 

19 

7-93 

5-18 

2-75 

0-78 

1-78 

0-19 

3 

20 

7-87 

5-01 

2-86 

0-62 

2-08 

0-26 

4 

30 

7-87 

6-01 

2-86 

0-45 

2-24 

0-17 

5 

23 

7-81 

6-15 

2-66 

0-')5 

1-79 

.0-22 

6 

25 

7-75 

5-04 

2-71 

0-69 

1-74 

0-28 

7 

20 

7-62 

4-87 

2-75 

0-57 

1-72 

0-46 

8 

22 

7-62 

4-87 

2 76 

0-49 

2-05 

0-21 

9 

25 

7-62 

5-19 

2-43 

0-67 

1-64 

0-12 

10 

23 

7-62 

5-00 

2-62 

0-47 

2-03 

0-12 

11 

23 

7-54 

4-93 

2-61 

0-63 

1-67 

0-31 

12 

26 

7-46 

6-10 

2-36 

0-25 

1-95 

0-16 

13 

24 

7-44 

4-76 

2-68 

0-68 

1-71 

0-29 

14 

60 

7-43 

4-50 

2-93 

0-67 

1-83 

0-43 

16 

65 

7-43 

4-75 

2-68 

0*58 

1*68 

0-42 

Id 

21 

7-43 

4-81 

2-62 

0-52 

1- 9 

0-21 

17 

25 

7-37 

4-87 

2-6) 

0-o9 

1*48 

0-33 

18 

22 

7-31 

4-69 

2-62 

0-70 

“ 1-68 

0-24 

19 

31 

7-31 

6-00 

2-31 

0-66 

1-48 

0-17 

20 

20 

7-25 

4-69 

2-56 

0-70 

1-60 

0-26 

21 

23 

7-18 

4-62 

2-56 

O'oo 

1-63 

0-48 

22 

22 

7-18 

4-67 

2-51 

0-36 

1*90 

0-25 

23 

26 

7-12^ 

4-73 

2-39 

0-68 

1-49 

0-22 

24 

36 

7-06 

4-86 

2-20 

0-57 

1-45 

0-18 

25 

24 

7-00 

4-75 

2-25 

0-58 

1-46 

0-21 



Number. 

Mean, 

g. per 100 0 . 0 . 

Standard 

deviation. 

CoeEBcien’t 
jf variation. 

Total protein 

25 

7-49 

0-27 

3*8 

Albumin ... 

25 

4-87 

0-21 

4-0 

Globulin ... 

25 

2-60 

0-18 

7-0 

Euglobulin 

25 

0-58 

0-12 

21*0 

Pseudoglobulin 

25 

1-74 

0-21 

12-3 

Fibrinogen 

25 

0-26 j 

0-09 

35-0 



287 


N. C. Datia and R. K. GJiakravarty. 


Tablb III. 


Plas)na frotcin values in individuals apparently healthy bvt presenting 
variations in the value of different protein fractions due to 
malnutrition or as a result of mild or latent infection. 


O 



S 50 


H 








.55 

c 

£3 


5 


o 

3 


*5) 

s 

-5) 

o 



O 


to 

o 

c 





(Results in g. per 100 o.c.) 
Group A. — Under wetghL 


1 M 

6-87 

1 

i 4-46 

2-41 

0-63 

1 

1-53 

0-20 

25 

96 

2 F 

0-50 

! 4-GO 

1-90 

0-38 i 

1-21 j 

0-31 

23 

85 ' 

3 M 

G-G2 i 

4-31 

2-31 

0-01 ! 

1-52 

, 0-18 

27 

103 

4 JI 

G'oO 

4'53 

2-01 

n-32 

1-47 1 

! 

0-22 

[ 

26 



Qrottp /?. — Associated infection. 


3 M 1 

7-02 

4-70 

2-SO 

1-10 

1 1-5S 

1 0-18 

Gets repeated attack of Bore 
' throat; hoarsenesj of voice. 

0 M 1 

7-31 

4-00 ' 

2-71 

1-34 

, 1-04 

• 0-33 

Gets ire lucnt attack of sore throat. 

7 M 

i 7-02 

4-49 

3-13 

1-30 

1 1-37 

j 0-40 

Gets repeated attack of malaria. 

8 JI 

7-62 

•1-58 

3-04 

1-28 1 

1-12 j 

1 0-G4 

Gets ntt-ack of malaria. 

9 M 

7-3- 

4-G3 

2-74 

0-82 1 

1-45 

0-47 

Slight bronchitis. 

10 M 

7-OS 

1 4-83 

2-85 

0 92 ' 

1-27 1 

1 0-66 1 

Chronic gastritis. 

11 M 

7-.>l 

4'S2 ; 

1 1 

2-99 

1-38 j 

i i 

1 0'24 ; 

1 

Severe headache relieved on lumbar 
puncture. 

12 M 

7-93 

i 4-72 ! 

3-21 

0-87 1 

2-13 

[ 0-21 

Allergic dermatitis, for 3 vears. 

13 M 

1 8-05 

4-98 ! 

I 3-07 

1 

0-Sl 

1-90 

0-3G 

1 

High blood pressure, liigh pulse 
rate. 

M M 

7*ri0 

1 

4-09 

1 , 

2‘Sl ' 

1-00 1 

1-81 

Serum 

Gets attack of codema of legs. 
Blood pressure of normal. 
X.p.n. 35 mg. per 103 c.c. 

i:> M 

' S-93 

4-45 

4-4$ 1 

1 

1 1-09 

1 

1 

1-92 1 

0-87 1 

Incubation of malaria. Had an 
, attack of malaria 2 days after 

1 the blood was analvsed. 

U) M 

7-20 

4-07 

3-19 

j 1-07 

1-72 

0-40 

, .Apparently normal when the blooj 
was taken. After 20 days fell 
ill. Clinic.ally tuberculosis of 
kidnev. 

17 .M 

1 7-5S 

4-22 

3’3G ! 

i 

0-92 

1 n.^4 

i Serum 

1 1 

Had .an att.ack of pyelitis. 


Total protein. —The mean value of total protein for 25 males is 7-51 tr. per 
100 C.C.. with a slandartl deanation of 0-23^. .and 7*49 g. per 100 c.c. with a 
standard deviation of 0-27 g. fox 25 females.'' The ranse is from 7-1 g. to 7-93 a 
per 100 C.C., more than 75 per cent of the results fallinc within the ranee of 
7 ‘2 g. to 7'89 g. fc 

















Number of individuals. Number of individuals. 
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Albumin . — ^The range of albumin in this series is from i'Z g. to 5*34 g. per 
100 c.c. The mean value of albumin for 45 males is 4-93 g, per 100 c.c., with a 
standard deviation of 0'20 and the mean value for 25 females is 4-87 g. per 100 c.c., 
with a standard deviation of 0'21. Inspection of the results of Tables I and II 
reveals at once a most striking and unexpected uniformity of results, the significant 


Graph. 



Albumin—g, per 100 c.c. Globulin — g. per 100 c.c. 



Freqaaaoy disfcribatioa of pUsaia proteins determined on 70 normal individuals (Indians). 


variations being very few. This is further illustrated in the Graph, fig. A, which 
shows that more than 85 per cent of the results lying within the narrow^ range 
of 4'6 g. to 5 2 g, per 100 c.c. and 40 per cent of them within the narrow limit of 
5*0 g. to 5-3 g. per 100 c.c. 
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No significant difference in tlie value of albumin lias "been found between tlie 
sexes nor between groups of bealtby members living on vegetarian and non- 
vegetarian diets. 

Globulin. —The spread of tbe values of total globulin is from 215 g. to_2-93 g. 
per 100 c.c. with | of tbe results falling between 2'2 g. and 2'C8 g. Ibe distribu- 
tion of globulin values shows a definite skew towards the higher globulin concen- 
tration, especially in the case of females. It seerrs likely that a few individuals 
have been included in the series who were not actually ill when blood samples were 
taken but might have shown higher globulin as a result of mild infection. 

Evglohulin . — The range of euglobulin is from 0'2o g. to_0‘78g. per 100 c.c. 
with a combined mean of 0‘55 g. for both the sexes. The distribution of euglobulin 
values about the mean shows a skew towards a higher value somewhat similar 
to that observed with total globulin. The increased tendency towards a higher 
concentration of euglobulin is again prominent in females. 

Total psevdoghbiilin . — The spread of the values of pseudoglobulin in our series 
IS from 1 "36 g. to 2 24 g. per ICO c.c. with a mean of 1-84 g. in males and 1'74 g. 
in females, 48 values out of 60 falling in the range of r6 g. to 2T g. per 100 c.c. 

Fibrinogen . — The mean value of fibrinogen for 35 males is 0*25 g. per 100 c.c. 
with a standard deviation of 0-095 g. and the mean for 25 females is 0-26 g. per 
100 C.C., with a standard deviation of 0-093 g. The range is from 0-12 g. to 0‘48 g., 
with more than 80 per cent of tbe results falling in the range of O’lS g. to 0’40 g. 
per 100 C.C. This is in agreement with the general experience. 

In Table III are included the results of fractionation of plasma proteins in 
17 subjects who were apparently healthy but presented variations in tbe values 
of different protein fractions either doe to malnutrition or as a result of mild, 
chronic or latent infection. 

From the results of Tabic III it is evident that the values of albumin and 
globulin in all the subjects included in group A are in the lower range of normal, 
.so that the total protein is also low and below 7 g. per 100 c.c. in every case. It 
is possible that in undernourished and othervrise healthy indimduals, the protein 
reserve exists at a low level without any subjective or objective manifestation 
except that these subjects fail to attain the normal bodyweight. The lowered 
store of body protein is reflected in the low level of albumin and globulin. 
The low globulin in all the subjects was associated with a lowered range of nseudo- 
globulin, the euglobulin remaining normal. An inspection of the results oi 
fractionation of scrum protein in 36 normal individuals presented by Gutman cl al. 
(he. cit.) in Table I, series A, will show that a low level of pseudoglobulin can be 
.‘^een only in those subjects whose total protein was below 6'6 g. per 100 c.c. The 
‘significance of such low pseudoglobulin in these cases is not properly understood. 

The results of case 5 to case 11 of Table III are significant. In all the cases 
the concentration of albumin was within normal range, while the values of globulin 
were above the normal moan. In spite of the increased globulin, the pseudof^lobulin 
was decidedly low in all the subjects, while the values of euclobulin show a ‘definite 
increase. It is not suggested that the lowered resistance to infection as observed 
m these cases was due to the low pseudoglobulin content indicatinf' the association 
of file antibodies fo the pseudoglobulin fraction, but it is nevertheless a striking 



290 


Plasma Proteins in Health and Disease. 


fact that the pseudoglohulin was low in all who were either undernourished or had 
some form of mild or chronic infection. 

The results of other cases included in Table III show that the globulin increment 
was due to an increase in both the euglobulin and the pseudoglohulin fractions, 
thus conforming with the characteristic pattern of chronic infection. Cases 16 and 
16 are of special interest as the results clearly indicate that abnormality in the 
protein fractions becomes apparent long before the disease becomes -clinically 
perceptible. 

It is proposed that individuals showing any of the manifestations, such as 
loss of weight or strength, loss of stamina or a decreased resistance to infection, 
should have the blood proteins examined for any possible state of protein deficiency 
or for the possible presence of mild, chronic or latent infection. 


Discussion. 

Many methods have been employed for the determination of plasma protein 
concentration. Doubtless many discrepancies in the literature are explained 
by the variation in the method used. The Kjeldahl procedure is preferable to 
others in that it leads to far fewer discrepancies and the results obtained are highly 
reproducible. 

A variety of salts have been used by different workers to separate the albunan 
and globulin. At the present time, the sodium sulphate method of Howe (loo. cit.) 
is being widely used for the determination of the various components constituting 
the protein complex of the blood plasma. The terms albumin, globulin, euglobulin 
and pseudoglobulin have been applied not to any chemical entities but to the frac- 
tional part of the total protein separated by precipitation at specific salt concentra- 
tion. The fraction precipitated by 22 ’S per cent solution of sodium sulphate is 
commonly referred to as globulin and the protein remaining in solution as 
albumin. Only a small portion of the total globulin in normal human serum is 
precipitated by 14 ‘5 per cent solution of sodium sulphate and is designated as 
euglobulin. The portion remaining in solution is known as pseudoglobulin. 

Table IV gives a summary of the plasma protein values reported in the 
literature in which the sodium sulphate method was used for the separation of 
albumin and globulin. Lloyd et al. {loc. cit.) used ammonium sulphate for the 
separation of serum proteins. 

The mean albumin concentration of 4'93 g. per 100 c.c. for 45 males and 4’87 g. 
for 25 females which we have found in our series is in agreement with the mean 
of 5’06 for males and 4'9S g. per 100 c.c. for females reported by Bruckman el al. 
(Joe. cit.). The combined mean of 4-90 g. per 100 c.c. for the entire series of 70 
cases is in absolute agreement with the mean of 4'87 g. for 10 adults reported by 
Gutman et al. (loc. cit.) under sub-heading B ; but slightly lower than the mean 
of 5-2 g. per 100 c.c. for 36 normal adults included under sub-heading A. This 
slightly low value (about 0'3 g. per 100 c.c.) is possibly due to the loss of filtrate 
protein through adsorption by the filter-paper as explained by those authors. The 
range of albumin values in their series of 36 adults under sub-heading A — 4-7 g, 
to 5‘7 g. — is, therefore, somewhat higher than the range of 4'3 g. to 6'34 g. per 
100 c.c. which we have foimd in this series. 
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Table IV. 




1 



s 

33 

.a 


Q 

Author and date. 

Number 
of cases. 

Total 

I protein. 

0 

a 

3 

o 

Pseudo- j 
globulin. ' 

& 

O 

.s 

pO 




< 

1 “ 

(3 

! 

fci 


(Results in g. per 100 c.c.) 


Linder. Lundsgaard 


1* 


3-63-4-90 

2-45-2-S9 




and van Slyke ■ 
(19.S4). 



6*72 

411 

2-61 

... 

... 

... 


r 

16 M* 


3-95-5-24 

1-96-3-16 




Salvesen (1926) ... -j 


... 

T02 

4-44 

2-6S 

... 

... 

... 


16 F* 

• • 

3-77-4-SO 

2-1S-3-55 


• t* 

*•# 



... 

7-23 

4*55 

2-68 


... 

... 

Moore and van Slyko 


9* 


4'0-4‘6 

2-8 




(1930J. 


... 


4'3 

... 

... 


... 


r 

13 Mt 

... 


4-37-5-C5 

l‘32-2-92 




Bruokman, d’Esopo 


... 

6-06 

1-89 

... 

... 

... 

and Peters (1930). 


8 Ft 
* 

... 

4'71-5T7 

2-02-3-22 







4-98 

2-62 

... 


... 

Lloyd and Paul 


lot 


4'31-5-06 

2-76-3-23 

0-14-0-22 



(192S). 


7'52 

4*59 

2-93 

0-10 

2-77 


Staooy (1945) 


12t 

i-h 

3'6-5'5 

4*73 


0-18-0'59 

0-38 

1 •7-3-1 
2-40 


Mudaliyar, Sundaram 


9t 

... 

3-5-5-0 


0-25-1-25 

O-S-2-4 


and Ramohandran 
(1933). 



0*12 

4-02 

2-10 

0-00 

1*50 

... 


, 

3Gt 


4'7-5-7 

l-3-2'5 




Gutman, Moore, Gut- 



7-2 

5-2 

2-0 

0-20 

l-SO 

Series A 

man, JIcClolian and • 
Rabat (1941). 




4-0-5-2 

1-9-2-7 

O-18-O'CO 





lot 

7-2 

4’S7 

2-31 

0-39 

1-8S 

Series B 


r 

45 M* 


4'30-5-34 

2-10-2-S7 

0'35-0-72 

1-3G-2-10 




... 

7-51 

4-93 

2-5S 

0-52 

1-S4 


Present series (1947) 









25 F* 

7"49 

4'37-5-20 

2'20-2'93 

0-25-0-7S 

1-45-2-24 



i 


4‘S7 

2-UO 

0-5S 

1-74 

6-20 


Plasma. 


t Serum. 
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The albumin fraction is readily affected by the dietary intake of protein, but 
cannot be increased beyond the usual normal limit by excessive protein feeding.' 
As yet, we do not Icnow if there is an upper threshold for albumin concentration 
for normal individuals, if so. how constant it is. A knowledge of upper threshold 
is ob\dously of great clinical significance. 

The Amines of albumin reported in the literature fall in the range of 3 '6 g. 
to S'4 g. per 100 c.c.; values as high as 5'65g. to 5'7 g. have, however, also been 
reported. From the frequency of distribution of Amlues for albumin it appears 
that all A^alues below 4 g. per 100 c.c. are decidedly below the normal healthy level 
and the A'alue of 5'7 g. per 100 c.c. may be the extreme limit in normal adults. In 
all jmobability the concentration of albumin will not usually exceed 5 '4 g, per 
100 c.c. in average healthy individuals. 

For the entire group of 70 adults the mean globulin concentration is about 
2‘59 g. per 100 c.c. This mean value is essentially the same as those given in 
Table IV, as reported by Linder el al. {loc. cit.) and by Salvesen {loc. cit.) and also 
is in relatively good agreement with the mean serum globulin value of 2*31 g. per 
100 c.c. reported by Gutman et al. {loc. cit.) for their 10 normal adults under B. 
In general, the range of serum globulin values reported under sub-heading B — 1 '9 g. 
to 2‘7 g. per 100 c.c. — falls Avithin the range of values coAmred by our series — ^2'2 g. 
to 2‘8 g. per 100 c.c. (including the values of fibrinogen). The distribution of 
our Amlues shows a skcAV towards the higher globulin concentration, as shown in 
the Graph, fig. B. From the results of Table III it appears that values of 
globulin aboAm 2'8 g. per 100 c.c. is an eAudence for an organic disease process. 

FcAAmr studies on sub-fractionation of globulin in the blood jjlasma of normal 
adults have been made so far. The mean value of euglobulin reported bj^ different 
workers for their respective small group of individuals Amry widelj’" with respect 
to each other. The lack of agreement may be ascribed to (1) wide range of normal 
Amriation or (2) difference in the technique employed. Mudaliyar et al. (loc. cit.) 
and Stacey (1945) employed colorimetric method for the determination of euglobu- 
lin. The Amlues of euglofiulin reported by Gutman el al. (loc. cit.) were determined 
by the method of Howe followed by raicro-Kjeldahl technique. 

The mean Amlue of 0'55 g. per 100 c.c. which we have found for the entire 
series of 70 normal adults is in good agreement with the mean value of 
0’6 g. reported by Mudaliyar et al. (loc. cit.) for 10 normal Indians. On the other 
hand, our mean is somcAAdiat higher than the mean of 0-39 g. per 100 c.c. reported 
by Stacey {loc. cit.) and distinctly higher than the mean of 0’2 g. reported by Gutman 
et al. {loc. oil.) for their 36 normal adults under sub-heading A. In spite of our 
higher mean most of the values are well Avithin the range of 0‘18 g. to Off g. per 
100 c.c. reported by these authors. There is, therefore, a suggestion of essential 
constancy, upset in a certain proportion of cases by interfering factors, sucF as 
mild or chronic infection or recent immunization, etc. Besides, a difference^ of 
0'2 g. per 100 c.c. in normal serum becomes imperceptible in conditions causing 
hyperglobulinemia . 

The range of total pseudoglobuliu in our series is from 1'3 g. to 2'24 g. per 
100 c.c., with a mean of 1'84 g. per 100 c.c. for 35 males and 1'74 g. for 26 females. 
Our mean is in good agreement Avith the meaji of 1 "8 g. per 1 00 c.c. reported bj- 
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Gutman et al. {loc. cit.) for 36 normal adults in their series A. The spread of their 
values is somevhat vrider varying in the range of IT g. to 2'2_g. per 100 c.c. AH 
values below IT g. per 100 c.c. are seen only in those cases in which the total protein 
was below 7'0 g. per 100 c.c. We are led to believe that all values below IT g. 
per 100 c.c. are subnormal. This is also evident from the results of our Table III, 
which show that persons who are underweight or those who constantlv suffer from 
common cold, sore throat or manifest sisns of mild infection exhibit low ])seudo- 
globulin varying in the range of TOl g. to 1'58 g. per 100 c.c. 

The range of fibrinogen in this series is from 0T2 g. to 0T8 g. per 100 c.c.. 
with a mean of 0‘25 g. for 35 males and 0'26 g. per 100 c.c. for 25 females. This 
mean is in perfect agreement with the mean of 0'25 g. per 100 c.c. reported by 
Ham and Curtis (1938) for 193 determinations on adults and in the work reviewed 
by them on plasma fibrinogen in normal persons. The range of fibrinogen reported 
by these authors is from 0T9 g. to 0'38 g. per 100 c.c. Our values are somewhat 
wider including values below those found in the literature and a few which are 
higher, more than 80 per cent of the values lying in the range of 0T6 g. to 0‘39 g. 
per 100 c.c. 

The spread of total protein in this series is from 7‘0 g. to 7-95 g. per JOO c.c.. 
with more than 80 per cent of the values lyins betrveen 7-;? g. to 7-9.5 g. This is 
in agreement with general experience. 

Determination of total protein without separate analysi.s of the dift'crcnl 
in-otein fractions may not indicate the true .status : inasmuch as a diminution 
of serum albmnin may co-e.xist with a corresponding increase in serum globulin so 
that the total protein will remain normal. The function of plasma proteins may 
be attributed primarily to one or the other fraction rather than to their total 
concentration. The albumin fraction is the one of considerable significance, first 
because it is the only fraction which is characteristically affected ; and second, 
because of its importance in maintaining the colloid osmotic pressure of the blood 
plasma, which controls the water balance of the body. The globulin fraction 
on the other hand is concerned with the iimnune bodies. It is essential that the 
absolute values of albumin, globulin and fibrinogen should be recorded for the 
sake of clarity. 

The expression albumin ; globulin ratio, without reference to the total protein 
is of little or no significance. The interpretation of results of pathologic conditions 
is based on the concentration of each <>f 'separate protein fractions rather than to 
a ratio of any two components. 


SuM>I.ARY. 

1. The results of fractionation of plasma proteins by the method of Howe are 
recorded in 70 healthy individuals. The series consists of 45 males and 25 females 
varying in age from 5 to 50 years. The spread and the mean in g. per 100 *c c 
are ; Tor total protein, 7-0 g., to 7-95 g. with a mean of 7-51 g. for imales and 7T9 p 
for females ; for albumin, 4-3 g. to 5-34 g.. with a mean of 4-93 g. for males and 
1-87 g. for females ; for globulin, 2-12 g. to 2-P g., with a mean of 2-58 g. for males 
.ind 2-GO g. m females. The range of cuglobnlin was from 0-25 to 0-7S o 
100 C.C., with a mean of 0-.55 ". per 100 c.c, * 
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2. The spread of the values of total pseudoglobulin is from 1 '3 g. to 2 ‘24 g. 
with a mean of 1‘84 g. for males and 1‘74 g. per 100 c.c, for females. The mean 
value of fibrinogen is 0‘25 g., with a range from 0T2 g. to 0'48 g. per ICO c.c. 

3. No significant difference in the value of any of the protein fractions 
was found between the two sexes, nor between groups of healthy persons living on 
vegetarian and non-vegetarian diets. 

4. Eesults of fractionation of plasma proteins are recorded in 17 apparently 
healthy indi^dduals who presented variations in the ^'alue of globulin fractions 
either due to malnutrition or as a result of mild or chronic infection. There 
are indications that abnormality in the protein fractions becomes apparent long 
before the disease is clinically perceptible. It is proposed that individuals showing 
any of the manifestations, such as loss of weight, decreased resistance to mild 
infections such as common cold, sore throat, etc,, should have the blood proteins 
determined for any possible state of protein deficiency or for the possible presence 
of some mild or chronic infections. 


The authors have great pleasure in thanking Professor D. M. Telang for his 
interest and encouragement. They are also indebted to Dr. P. de Quardros for 
his assistance in the collection of blood samples and also for examim'ng the 
subjects. The investigation has been aided by a grant from the Indian Research 
Fund Association. 


REFERENCES. 


Bbuckman, F. S., d’Esofo, L M., 
and Pjstees, J. P, (1930), 

Cullen, E. G., and van Slyke, 
D, D. (1920). 

Folin, 0,, and Wn, H. (1919) ... 

Geeenbehg, D. M. (1929) 

Gutman, A. B., Mooee, D. H., 
Gutman, E. B., McClellan, 
V., and Kabat, E. A. (1941). 

Ham, T. H., and Cuetis, F. C. 
(1938). 

Howe, P. E. (1921) 

Lindee, S. C., Lundsqaaed, C., 
and VAN Slyke. D, D, (1924). 

Lloyd, R. B., and Paul, S. N. 
(1928). 

Mooee, N. S., and van Slyke, 
D. D. (1930). 

Mudaliyae, M. R. G.. Sundaeam, 
S. K., and Ramohandean, 
A. S. (1933). 

Robinson, H. W., Peice, J. AY., 
and Hooden, C. G. (1937). 

Salvesen, H. a. (1923) 

Stacey, R. S. (1946) 


Jour. Clin. Invest., B, p. 677. 

Jour. Biol. Cheni., 41 , p, 587. 

Ibid., 38 , p, 81. 

Ibid., 82 , p. 645. 

Joitr. Clin. Invest., 20 , p. 765. 

Medicine, 17 , p, 413. 

Jour. Biol, Chem., 49, p. 109. 
Joicr. Exper, Med., 39, P' 887. 

I7id. Jour, Med. Bes., 16 , p- 629. 

Jour. GUn. Invest., 8, p. 337. 

Ind. Jour. Med. Bes., 21 , p. 361. 

Jour. Biol. Chem., 120 , p. 481. 

Acta. Med. Scandinav., 65, p. 147. 
Jour. Lab, Clin. Med., 30, p. 855. 



lT\d. Jour. Med. Rea., 35, 4, October, 1647. 


PLASMA PROTEINS IN HEALTH AND DISE^SE. 

Part 11. 

FRACTIONATION OF FLASaiA PROTEINS IN HyPERPROTEIN.<gE]\IIA. 

BV 

N. C. DATTA. 

(An Inquiry under the Indian Research Fund Association.) 

(From the Department of Physiology, Grant Medical College, Bombay.) 


[Beoeived for publication, April 28, 1947.] 

Hyperpbotein.j:mia is almost invariably due to an increase in globulin, since 
an increase in tbe concentration of albumin in blood plasma is seldom encountered. 
Hence, as stated by Kagan (1943), ‘ a study of hyperproteinsemia is essentially 
a study of hyperglobulinsemia ’. 

Recent literature indicates that hyperproteinremia may not be such a rare 
occuLTcnce as was once believed.' Earlier, Jeghers and Selesnick (1937) reviewed 
the subject of hyperproteinsemia and reported 13 cases in which serum protein nas 
above 8 g. per 100 c.c. Bing (1937) found 7 hyperglobulinffimic serum among 3,097 
serum examined by the routine ‘ formol-gcl ’ test. Gutman ct al. (1911) reported 
the results of fractionation of serum protein in 8 cases of lymphogranuloma 
venereum, 3 cases of sarcoid, 20 cases of multiple myeloma and 4 cases of miscella- 
neous infections presenting hyperglobulinsemia. Car'don and Atlas (1943) presented 
M cases in which the value of total protein was above 8'5 g. per 100 c.c. Kagan 
(loc. cit.) presented 50 cases of hyperglobulinffimia due to IG different causes. lie 
eonsidered hyperglobulinsemia to be present when the serum globulin was above 
3 g. per 100 c.c. or when, in the absence of a globulin determination, the total 
protein was above 8 g. per 100 c.c. The determination of serum protein was done 
by a macro-Kjeldahl modification of Howe's (1921) procedure and the author's 
falling-rlrop technique. Of the total number of cases studied. 35 ca'^e.s were found 
to have the values of total protein above 8 g. per 100 c.c. 

Hypcrglobulinfcmia is likely to be m.ore common in localities where kala-azar 
or lymphogranuloma venereum is prevalent. All studies indicate tliat Ivmnho- 
granuloma~vcnereum is much more frequent in Negroes. Beeson and 3Ii!ler (1^4) 

( 295 ) 
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found liyperglobulinseinia in 5-6 per cent of males and 8-3 per cent of females in 
Negro population of Georgia. Other diseases ^s'hich exhibit an elevation of serum 
globulin do not appear to manifest such racial affinity and none of them is so 
common as to affect 5 to 8 per cent of the general population at one time. There 
is little information available regarding the '"general incidence of hyperglobulinjemia 
in this country. 

The present report deals with 73 cases of^hyperglobulinsemia associated with 
hyperprotein^mia. These cases in which the total protein was above 8 g. per 
100 c.c. were found in the examination of blood plasma obtained by random 
sampling from more than 1,500 patients suffering from a large variety of diseases 
and may, therefore, re]3resent a true general incidence of hyperproteinsemia. The 
data were collected over a period of four years. 

A study of the literature reveals that haemoconcentration resulting from 
dehydration is one of the commonest causes of hyperproteinaemia. i\s the 
determination of blood volume by the dye method is elaborate and time consuming, 
the interpretation of the state of dehydration in the present studies was based 
on clinical observation. 

The fractionation of plasma proteins was done by the method of Howe {loc. cit.). 
Fibrinogen was determined on oxalated plasma by the method of Cullen and 
van Slyke (1920). Complete fractionation of plasma proteins was carried out in 
an attempt to deteiinine whether the increase in any of the globulin subfractions 
is in any way specific for any particular disease, and w'hether or not the altera- 
tions in the value of separate protein fractions can be correlated with the activity 
of the disease. 

H 5 ^erglobulin£emia and occasionally hyperproteinaemia have been found in 
a number of disorders. ‘ The most frequent cause of hyperglobulinseraia is an 
infection, and the increase of serum globulin has been placed in connection with 
the formation of antibodies.’ Aside from its role in antibody formation almost 
nothing is known as to the origin of globulin. J Bing and Plum (1937) presented 
clinical evidence which suggest that globulin is formed by the plasma cells of the 
bone-marrow and by the cells belonging to the reticulo-endothelial system in and 
outside the marrow. 

The exact nature of the globulin increase in various infections is not known. 
With the accumulation of our knowledge of their variation in different clinical 
conditions, it is expected that eventually there will come understanding of the 
factors and sites involved in the production of the various protein components. 


PK.SULTS. 

^ The results of fractionation of proteins in the blood plasma obtained from 
more than 1,500 patients indicate that there are only a few examples of conditions 
in which only albumin is affected, the globulin remaining within normal limits. 
On the other hand, there are a large group of conditions in which an increase 
in the value of globulin is observed at one time or another during the course of the 
disease. An increase in the value of globulin is almost invariably associated with 
a lowering of albumin, so that only occasionally is the increase in globulin so great 
that one can speak of h^q^erproteinsemia as well. 
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A classification of the cases presenting hyperproteinssmia with a summary 
of results obtained is shown in Table I. Data representative of the results of 
fractionation of proteins by the method of Howe in each disease will be treated 
separately. 

Table I. 


Classification of the cases of hyperprotein cemia with a stmunary of the 

rcs^dis obtained. 


1 

1 

t 

Conditions. 

1 

1 

Total 

number of 
patients 
studied. 

Number 

presenting 

hyperpro- 

te’inremia. 

Total protein 
varying between 

Total globulin 
varying between 

8 to 9 

1 1 

1 i 

9 to 10 

I 

4 to 5 

5 to 0 ! 

1 


r 

1 



g. per 100 c.c. 

g. per 100 c. 

c. 

Leuksemitt ... j 

4 

.3 

3 

0 

4 

0 

0 

Syphilis ... ... 1 

30 

12 i 

12 

i 0 

1 

10 

0 

0 

Venereal 1 y m p h o • 
granuloma. 

U 

1 

12 

1 

4 

1 

1 ^ 

4 

i 

8 

»> 

Tubercular adenitis ... 

3 

3 

3 

1 ° 

i 

1 

0 > 

' 0 

Pulmonary tuberculosis J 

1 iO 

7 

1 7 

0 

1 15 

1 

4 

0 

Kalji-nzar ... i 

2 

2 

0 

2 

1 

0 

0 

1 

i n 

Cirrhosis ... 

50 

10 

0 

1 

4 

22 

5 

4 

Jaundice ... 

32 

2 

2 

0 

3 

0 

0 

Acute nephritis 

.74 

e 

4 

2 

1 

10 

2 

0 

Congestive cardiac 
failure. 

3G 

1 


jo 0 1 

C 

1 1 

0 


Miscellaneous other j 200 
condition'-. 


U I s 3 


I 


I 


HYPEBPROTniX/EMIA IX LEUlwEMIA. 

Leuktomin is a disease involving bone-marrow. The monocytes are considered 
to be a part of the reticulo-endothelial system. In a case of monocytic leuka}raia 
reported by Kagan {loc. cii.), the total protein was lOT g. per 100 c.c. and theValue 
of scrum globulin vaivnng from 4 '3 g. to C'T g. Accordim: to him such marked 
increase in serum globulin, if found tojic usual in this disease, would lend further 
support to the view that globulin is'lcrmed bv the reticulo-endothelial svstem 
There are also references of increased globulin in 2 cases of mveloid and of 
lymphatic leukcemia, but in none of these eases the increase in globulin is as 
mg as in the c.ace of monocytic leuktemia. ' 
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We have in this series 3 cases of lymphatic leulcsemia and 1 of chronic myeloid 
leuksemia. The results of fractionation of plasma proteins are shown in Table II : — 


Table IL 


Partition of serum protein in lenkcemia. 


Number. 

Total 

protein. 

Albumin. 

i 

Globulin. 

Euglobiilin. 

Pseudo- 

globulin. 

i 

Diagnosis, 



Results expressed in 

g. per 100 c.c. 


1 

S-43 

4T8 

4-25 

2-60 

1-65 

Chronic m 3 'eloid leukeemia. 

0 

s-.ie 

3-67 

4-C9 

1-85 

2-S4 

Lymphatic Jeuk®mia. 

■i 

8-00 

3'17 

4-83 

1-01 

3-82 

'f tf 

4 

6-65 

2-45 

4'20 

1-08 

3T2 

if 


Hyperproteinasmia was present in 3 of the 4 cases studied. The concentration 
of total protein was, however, lower than the case of monocytic leukeemia reported 
by Kagan (he. cit.). The globulin increment in all the 3 cases of lymphatic leukae- 
mia was due to a marked increase in the pseudoglobuh'n fraction. A similar 
increase in the pseudoglobulin fraction was reported by Gutman et al. {loc. cit.) 
in 1 case of lymphatic leukemia studied by them. The number of cases is too small 
to attempt to draw any definite conclusions. 

Kractionation of plasma proteins in syphilis and in venereal 

LYMPHOGRANULOMA. 

It was the opinion of the earlier workers that sj^^hilis produces a definite 
increase in the value of serum globulin. Lloyd and Paul (1928) studied 11 cases of 
secondary syphilis and reported that the concentration of globulin was above 3 g. 
per 100 c.c. in all but 3 cases. There was only 1 case in which the total protein was 
above 8 g. Wu (1922) reported 2 cases of syphilis with hyperproteinesmia. The 
occurrence of hyperglobulineemia and hyperproteinairaia in uncomplicated syphilis 
has been questioned by Jones and Rome (1939). According to them the hyper- 
globulinasmia observed in these cases may be due to the presence of lymphogranu- 
loma venereum. They did not find a marked increase in serum globulin in patients 
with syphilis except in those who had positive Frei test. 

In lymphogranuloma venereum an elevation of serum globulin is an important 
feature of the disease. Jones and Rome {loc. cit.) studied 79 patients with lympho- 
granuloma venereum. The majority of their patients had the total protein above 
8 g. per 100 c.c., the highest value obtained being 13‘33 g. Kampmeier et al. (1939) 
found hyperproteineemia in 62 of the 67 cases studied and considered this fact to be 
of diagnostic value. Schamberg (1940) found total protein above 8 g. per 100 c.c. 












N. G. DaUa. 


299 


in 17 of the 20 patients with early lymphogrannlonan venereum. The highest value 
of total protein reported by Cardon and Atlas (foe. cU ) in their series of 6 cases 
was 11 Ai g. per 100 c.c. and the highest value of globulin was 7 66 g. Hyper- 
proteinsemia was present in 8 of the 11 cases reported by Kagan (?oc. ci(.). 

Gutman et al. (loc. cit.) reported the results of fractionation of serum protein 
in 1 0 cases of lymphogranuloma venereum. They found that hyperglobulinfemia 
in venereal lymphogranuloma was associated with an elevation of euglobiilin and 
psendoglohuUv I. Their spread of the values in g. per 100 c.c. were : for total 
globulin, 7-7 g. to 3-5 g. ; for eiiglobulin, 3'4 g. to 0’5 g. ; for total pseudoghbuUn. 
4'3 g. to 2'4 g. 

The results of fractionation of plasma proteins by the method of Howe are 
recorded in 30 cases of syphilis and 12 cases of venereal lymphogranuloma. 
Hyperproteineemia was present in 9 of the 12 cases of lymphogranuloma. Twelve 
patients with syphilis presented protein level above 8 g. per 100 c.c., 18 did 
not have associated hyperproteinsemia. Unfortunately Fro: test was not done 
in any of our cases. 

The results of fractionation of plasma protein in 30 patients with syphih's 
are presented in Table III. GlohuUn subfiactions were not determined in 8 of 
these cases. 

Table III. 


Phsma protein valves in sijphilis. 


caber. 

Total 

protein. 

Albumin. 

Globulin. | 
1 

Euglobulin. j 

Pseudo- 

globulin. 

Fibrinogen. 



Results espressed in g. per 

100 c.c. 




A 

.—Caecs w i 

th hyperproteineemia. 


1 

S-7.) 

1 

1 4-82 

3-93 

! 1-32 

2-07 

0-54 

2 

S'75 

4-G2 

j 

4-13 1 

1 1-48 

2-27 i 

0-35 

a 

s-ea 

4-4V 

4-21 ' 

0-82 * 

2-77 ' 

j 0-C2 

4 

S-37 

4-10 

4-18 

! 1-16 

2-10 ! 

1 0-87 

0 

' S-37 

3-65 

4-72 

1 1 -eo ! 

2-87 

i 0-25 

a 

' 8-31 

3-78 

4-33 

j 1-19 

3-03 

0-31 

7 

S-23 

4-20 ' 

j 3-99 ! 

1 1-80 

1 

l'S7 1 

0-20 

s 

S-31 

4-22 

[ 3-99 i 

i 1-27 

I 1 

0-38 

9 

&-1S 

4-75 

' 3-43 ' 

; 

‘ 1-08 

1-DO 

0-45 

10 

S-12 

4-0.1 

1 4-12 1 

I 

’ 1-42 j 


0-2S 

n 

S-00 

1 

' 3-OG * 

0-72 1 

2-34 

Scrum. 
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Table Hl—concld. 


Number. 

Total 

protein. 

Albumin. 

Globulin. 

Euglobulin. 

1 . 

, Pseuclo- 
. globulin. 

1 

Fibrinogen. 


B. — Normal total j)roiehi level with hyperglohulincemia. 

13 

7-87 

4-8] 

1 

3-06 

0'60 

/ 

, 2'17 

0-29 

14 

7-81 

4-6-2 

. 3-29 

I'OS 

2-21' 

Serum. 

15 

7-79 

3-49 

! 4-30 

1-05 

2-45 

0-80 

16 

7-70 

3-20 

4*50 

1-40 

' 2-65 

• 0-46 

17 

7-68 

4-12 

3-56 

0-79 

2-46 

0-31 

18 

7-68 

4'22 

3-46 

1*03 

1 2-17 

0-26 

19 

7-60 

3-93 

3-57 

0-67 

2-70 

0-20 

20 

7-31 

3*37 

3-94 

0-9.') 

2-74 

0-2.7 

21 

7-18 

4-18 

3-00 

1 

0-83 

1 2-17 

Serum. 


0. — Olohulin subfraction not determined. 

22 

7-87 

3'93 

3-94 

... 


... 

23 

7-86 

3-30 

4-56 


... 

... 

24 

7-62 

3'82 

3*80 




25 

7-60 

3-47 

4-13 




26 

7-31 

4-00 

3-31 


* ’ * < 


27 

7-31 

3-86 

3-45 




28 

7-23 

3-91 

3*32 




29 

6-95 

3-40 

3-55 



... 

.SO 

'5-S5 

3-35 

3-50 

... 

... j 

... 


From the results of Table III it will be seen that in syphilis the globulin fraction 
is definitely increased. The concentration of total globulin was above 3 g. per 
100 c.c. in all the cases and above 4 g. in 10 of the 30 cases studied. The spread 
of total globulin is from 3’0 g. to 4*72 g. per 100 c.c., with more than three-quarters 
of the results falling between 3-4 g. and 4'5 g. There is no signiiicant difference 
in the value of globulin between those presenting hyperproteinsemia and those in 
which the total protein is within normal range. The hyperglobulin^mia in 
syphilis is due to an elevation of both euglobulin and pseudoglobulin. The 
values of fibrinogen was decidedly in the upper range of normal in most of the 
cases and elevated in of the 30 cases studied. 
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Hyperglobulineemia in. sypliilis is not associated wntli any marked lowering 
of albumin as is seen in most of tbe cbronic infections. The value of albumin 
above 4 g. per 100 c.c. was found in 16 of tbe 30 cases and values between 3-2 g. 
and 4-0 g. were found in 14 others. Tbe range of values of albumin under 
A — 3-65 g. to 4'82 g. per 100 c.c. — as well as tbeir distribution are at a somewhat 
higher level than the corresponding values under B. The value of total protein 
in series A is, therefore, higher than those in series B. 

Table IV. 


Fraclionalion of plasma proteins in venereal lymphogranuloma. 


Number. 

i 

] Total 

1 protein. 

Albumin. 

Globulin. Euglobulin. | 

Pseudo- 

globulin. 

Fibrinogci 


1 

1 

Results expressed 

in g. per 

100 c.c. 


1 

' 9-82 1 

1 

3-81 

( 

6-01 1 

2-56 

2-83 

0-02 

0 

1 9-81 i 

3-06 

0*15 

3-21 

2-44 

0-50 

3 

1 ' 

1 9*08 1 

3-00 

' 6'08 j 

3-110 

2-92 

0*70 

4 

9-.')G 1 

3-71 

o'S.") 1 

1-91 

3-37 

0*o7 

r» 

1 

; 9-,-)0 

3'nl 

5*59 

2-43 

2*88 

0*28 

0 

t 

' 9*:.o 

1 

3-03 

t 

.7*87 t 

1 

2-.70 

2*39 

0*92 

7 

1 8-2.-. 1 

, 3-:i8 

. 1 
4*87 j 

1-99 

] 

2-71 

0*20 

« 

S-2.‘i 

3-13 

.VI 2 i 

2'Oit 

2-17 

0*95 

It 

J S-(Mi 

2-81 

.V2.7 I 

3-11 

1-.-.2 

0-02 

in 

, SM(» 

3-i)3 

1 

4*37 ' 

1 

1*90 

1 2*01 

1 

0-10 

11 

7-5S 

1 

3-3S 

' 4*20 j 

1-80 

1*92 - 

0*42 

12 

' 7-()2 

1 

2-12 

1 

5*50 

3-.70 

1*99 

Serum. 

13* 

' 7-lS 

417 

3-<tl 

«i*84 

2*17 

»» 

It 

1 

1 9 of, 

1 

1 3-03 


3*81 

2*12 


15 

i 

’ 9 00 

j 3T9 

5*87 

i 

3-.7S 

2-29 



•A e 

of > 11 - 

pfctoii Ivinpluy 

ratiuloin i \ 

cnireinn. 



MU 
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Of the 14 patients with venereal lymphogranuloma 12 presented values- of total 
protein above 8 g. per 100 o.c., and 2 did not have associated hyperproteinsemia. 
The spread of total protein is from 7*58 g. to 9‘82 g. per 100 c.c. This range as 
well as their distribution is in agreement with the results recorded by Gutman 
et fit. {loc. cit.) in their 9 cases of hnnphogi'anuloma venereum. The value of 11*2 g. 
encountered in case 1 of their series is considerably higher than the value of 9’82 g. 
per 100 c.c. which is highest in our series. 

The range of albumin varying from 2 'SI g. to 3 '91 g. per 100 c.c. compares 
well with the range of 2-7 g. to 3‘7 g. reported by those authors except for the high 
value of 4'7 g. per 100 c.c. obtained in case 7 of their series. 

The concentration of globulin above 5 g. per 100 c.c, was observed -in 
9 of the 12 cases. The value of 6-68 g, which is highest in our series is 
considerably lower than the value of 7'7 g. per 100 c.c. reported by Gutman et al. 
(loc. cit.). The range as well as the distribution of the values of globulin are 
essentially the same as reported by those workers. The globulin increment 
in venereal lymphogranuloma is composed largely of euglobulin fraction of the 
total globulin. The average value of euglobulin in this series is about four 
times the normal range, the highest value being 3*21 g. per 100 c.c. The 
concentration of pseudoglobulin was above the normal range in all but 1 case. 
The fibrinogen is considerably raised in most of the j)atients with venereal 
lymphogranuloma, 

Howe’s protein fractions in venereal lymphogranuloma appears to be signi- 
ficantly different from those in syphilis. Analysis of the available data reveals 
that the total globulin is considerably raised in all patients with lymphogranuloma. 
The average value of globulin in this series is 5*4 g. per 100 c.c. At such a high 
globulin level, the globulin increment is composed largely of euglobulin fraction 
which in 5 of the 12 cases superseded total pseudoglobulin as the major globulin 
component. The euglobulin content varied from 32 to 56 per cent_ of_ the total 
globulin in this series. In contrast to this, the mean value of globulin in patients 
with syphilis is only 3*8 g. per 100 c.c. and the mean euglobulin content being 
1*1 g. per 100 c.c. or 29 ]3er cent of the total globulin. This appears to be a signi- 
ficant difference and points to lymphogranuloma rather than to_ syphilis as the 
principal cause of hyperglobnlinJBinia with associated hj^ierproteinsemia. 

The blood from case 13 (Table IV) was sent for the determination of plasma 
protein and was refei’red by the clinician as a case of suspected lymphogranuloma 
venereum. An analysis of the result offered evidence to the contrary ; subsequently, 
the case was clinically declared as one of tubercular adenitis. 

Fractionation of plasma proteins was carried out in 3 cases ^ of tubercular 
lymphadenitis for the sake of comparison. The results are recorded in Table V. 

All the 3 patients were females and reported for swelling of lymph glands 
in the region of neck or axilla. All the patients complained of fever off and on. 
The duration of illness was 1, 3 and 5 years respectively. The general nutrition 
of the patients appeared good. On screening no lesions were detected in the lungs. 
Clinical examination shoived signs of tubercular adenitis. The findings w'ere 
confirmed by operation and histological examination. 
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Tabi/E V. 


F mctionalion of plasma proieiv in iiibercnlar adenitis. 


1 

Case j 
inimlier. 

Tot.al 

piofein. 

( 

^ Albumin. 

Globulin. 

Euglobulin. 

Pseiido- 

gloliulin. 

1 

Fibrinogen. 

1 



Results expressed in g. per 

100 c.c. 


1 

8-C2 

' 5-30 ■ 

1 

1 

3-32 

1-20 

1-90 

0-22 

•> 

4 

8-28 

i 4-47 ! 

1 

3-7<» 

112 

2*42 

0-25 

r 

S-02 

4-21 

! 

4-41 

1-41 

2-Oti 

0-31 

^ 3* 

8-37 

4-22 

1 

4- 1.8 

1 

l-.-.r> 

1 

2-.'>0 

Scrum. 


*14 clays aftc'r the tcmoval of the glaml. 


Eroni the results of Table V it is evident tliat the results of fractionation of 
plasma protein in tubercular adenitis is significantly different from those of lynipho- 
granuloma veuerctnu. The range of values of albumin in these 3 patients 
was higher than those observed in lymphogranuloma. The significant difference 
between the two groups was in the value of globulin wliich was rou-siderably J)i"Iier 
in l_ymphogranulon*ia venereum than in tubercular adenitis. The increase'^ in 
globulin was due to a greater increase in the euglobulin fraction. The values of 
pseudoglobulin in both the groujis wore very nearly the same. That the removal 
of the glands made no difference in the values of different protein fractions is clearlv 
shown by the result of case 3. 


Fr4C'Tioxation- or ri-.\sMA rnoTr.ix ix Tunr.ncri.osis. 

Eichelberger and ^fcClu-skey (1027) reported the rc.sults of 150 determina- 
tions of plasma protein on their 109 patients with tuberculosis. The total protein 
was above 8 g. per 100 c.c. in -1 1 per cent of the determinations, the globulin above 
3 g. in G2 per cent ajid alluimin below 4 g. in 17 per cent. Tn none of their patients 
the total ])Totein concentration was below normal. Kagan (loc. cit.) presented a 
summary of the results of total imotein and of globulin in 12 patients n-ith tuber- 
culosis. A study of his table reveals that in 4 of the 29 determinations the total 
protein was above 7-r) g. i^er 100 c.c. and the value of globulin was above 3 c 
100 c.c. in 10 of the 20 determinations. 


per 


The present series includc.s the results of fractionation of idasma proteins in 
:5.> patient.s with tubcrculosi.s at the time of admbsiou to the liocpital Onlv 7 
patients presented values of total protein above S u. per 100 c.c. In 'l natient 

with pleiin.sv with efiuMon the total protein was 8-7r, g. per 100 c.c The results 
are given m Table M. n-uus 
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1 

2 


3 


4 

5 

6 

7 

8 


9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 


Table VI. 


Fractionatioji of phsma proteins in tuberculosis. 


Total. 

protein. 

Albumin. 

ei 

*r* 

5 

Euglobnlin. 

PseudoglobuUn. 

d 

1 

s 

Diagnosis. 

1 

Results expressed 

in g. per 

100 o.c. 




A. — Gases with hijpciprofeinoemia. 


4 

8-93 

3-47 

5-46 

1-99 

2-70 

0-77 

Bilateral pulmonary T. B. 

8-75 

3-05 

5-70 

2-60 

2-90 

0-30 

Bilateral tuberculosis. 

8-60 

4-44 

4-06 

0-94 

2T6 

0*96 

Suspected T. B. Two sisters died of 
tuberculosis. 

8-37 

3-47 

4‘90 

ITO 

2-53 

1-27 

Tuberculosis of right lung with 
cavity, sputum + for tuberculosis. 

8-28 

3-68 

4-60 

1-48 

3T2 

Serum 

Tuberculosis and' cirrhosis. 

8-25 

4-47 

3-78 

ITO 

2-49 

0T9 

Suspected pulmonary T. B. 

8-06 

3'34 

4‘72 

1-81 

2*42 

0-49 

... 

8‘00 

3-33 

4-67 

1-09 

2-40 

ITS 

Extensive fiilateral T. B. 

B. — Normal total protein with hyperglobulincemia. 


7-90 

3-47 

4-43 

1-51 

2-44 

0-48 

Pulmonary tuberculosis. 

7-68 

4T7 

3-51 

0-59 

2-62 

0-30 

iraBmopt3'scs once, involvement ol 
right lung. 

7-(iS 

3-71 

3-97 

IT7 

2-09 

0-71 

Tuberculosis of right lung. 

7-66 

2-86 

4-80 

1-76 

2-71 

0-33 

Streaks of infiltration both upper 
zone. Sputum + for tuberculosis. 

7-62 

3-82 

3-80 

0-64 

2-92 

0-24 

Bilateral tuberculosis. 

7‘S6 

3-56 

4-00 

1-33 

1-90 

0-75 

Tuberculosis of right liuig with 
cavit}’. 

7'50 

2-99 

4'51 

0-85 

2-76 

0-90 

T. B. of the right lung with ca\'ity. 

7-37 

3-84 

3-53 

0-68 

2-27 

0-58 

Pulmonary tuberculosis. 

7-37 

2-96 

4-41 

1-22 

2-49 

0-70 

Extensive bilateral T. B. 

7T3 

3-66 

3-47 

0-69 

2-34 

0-44 

Involvement of right lung. 
Sputum + for tuberculosis. 

7-00 

3-50 

3-50 

0-53 

2-01 

0-90 

Involvement of the extensive right 
side. Sputum 4- for T. B. 




P. 0. toalia. 


Table VI — concli. 


Number. 

1 

Total protein. 

Albumin. 

Globulin. 

Euglobulin. 

PseudoglobuHn. 

Fibrinogen. 

Diagnosis. 


C. — Total protein below normal with hyperglohulincemia. 


20 

G-83 

2*27 

4-56 

1-50 

2-31 

0-75 

Diffuse infiltration both lungs. 

21 

0-S3 

1-54 

.'5-29 

1-40 

3T4 

0-75 

Tuberculosis of right lung with 
cavity. 


6-60 

3-60 

3-00 

0-84 

2- 16 

Sorum 

Bilateral tuberculosis. 

23 ! 

6-31 

2-90 

3-41 

0-G5 

2*21 

0-55 

r> »> 

1 

24 ' 

6-00 

1-80 

4-20 

0-83 

2-47 

0-90 

Bilateral tuberculosis with cavity. 

25 

5-75 

2-59 

3TG 

0-70 

2-00 

0-40 

Infiltration right side with adhesion 
mid-zone. 

20 

6'08 

2*90 

2-72 

0-70 

1-61 

0-41 

Htemoptyses once. E.vtensivo 

infiltration of right lung. 

27 

CT2 

3-00 

2T2 

0-76 

1-37 

Serum 

Htemoptyses, loose stool, extensive 
right side with eavity. 


D. 

— Olobulin sabfract 

ion not determined 



28 

7-90 

4-00 

3-90 

t 

... 

1 ... 

1 

Hramoptyses. Bilateral tuber, 

culosis. 

29 

7-60 

4-69 

3-01 

... 

1 - 
1 

1 

Admitted for hremojityses, bilateral 
tuberculosis, sputum + for T. B. 

30 

7-.".n 

2-09 

.V41 

... 

! - 

... 

Tuberculosis of right lung upper 
lobo with cavity. 

:!1 

i;-93 

2-87 

1 

4-00 


1 


Tuberculosis of right liiug ^^itll 
cavitj’. 

32 

lb SI 

1 2Mir. 

4TG 

1 

i 

1 

Tuberculosis of right ajie.v. 

Patient recovered. 

33 

(bSl 

1 

1 

1 

3-37 

... 

I 

\ 

1 

Hmmoptyses twice. .Sputum + 
tuberculosis left lung with cavity. 

34 

V)’*i r> 

i 

4-03 

... 

i ... 

1 

1 

Involvement of riglit .side, sputum 

3.'. 

0-90 

t 

2*74 

1 

j 

3TG 

... 

} 

} 

I 

Extensive tubercular infiltration 
of left side with dense pleural 
thickness. 

ill* 

1 .-.-03 

i 

' 2‘53 

1 

2-50 

... 

... 

1 

Extensive bilateral, sputum -f. 
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From tlie results of Table VI it can be seen that tbe value of total protein 
was normal in 15 and below nonnal in 13 others. In only 7 of the 35 cases was 
the total protein above 8 g. per 100 c.c. ^ ' 

The total globulin was above normal in all but 2 eases. In only 4 of the 35 
cases the concentration of glojjulin exceeded 5 g. per 100 c.c. From the trend of 
the values it would appear that the usual range of globulin in tuberculosis is from 
3'5g. to 5 g. per 100 c.c. Hyperglobulinjcmia in tuberculosis was associated with 
a consistent increase in the pseudoglobulin fraction. The euglobulin showed a 
wide range of variation from a normal value of 0’35 g. to a value as high as 2 '5 g. 
per 100 c.c. A marked increase in the value of fibrinogen appears to be an 
important feature of the disease. 

Hypoalbumingemia was seen with greater frequency in this series. The 
concentration of albumin was below 3 g. in 14 cases and varied between 3 g. and 
4 g. per 100 c.c. in 15 others. In only 5 of the 35 cases the value of albumin was 
above 4 g. per 100 c.c. Malnutrition was probably responsible for the low value 
of albumin observed in many of our jratients. 

Boissevain (1940) reported that serum albumin promotes the gro^vth and 
serum globulin inhibits the growth of the tubercle bacilli in artificial medium. 
Luetscher (1941) from the study of blood proteins by electrophoretic method in 
2 cases of tuberculosis reported that the findings in one was essentially normal 
and in the other y globulin was elevated 32 per cent, while the a and j8 globulin 
was normal. Seibert and Nelson (1942) reported moderate increase of y globulin 
at the expense of albumin in 3 cases of advanced tuberculosis. The same authors 
reported that in experimental tuberculosis in rabbits there is at first an increase 
in a and ^ globulin, and then an increase in y globulin which they felt accompanied 
resistance to disease. In the light, of these observations it seems not very 
unlikely that the consistent increase in the pseudoglobulin fraction observed in 
this series is partly due to an increase in the y globulin. The presumptive assump- 
tion of the association of y globulin with the pseudoglobulin fraction might be 
clarified by comparing the electrophoretic pattern with the Howe’s fractions. 


Plasma pkoteins in i’atienxs with tuberculosis declare!) 

CLINICALLY INACTIVE. 

\ 

It is of interest to note that normal values of plasma proteins were found in 
4 patients with tuberculosis in whom all clinical signs of activity disappeared. The 
results are given in Table VII. 

The results in Table VII reveal the normal values of different protein 
fractions in all these patients after their recovery from tuberculosis. A progressive 
rise in the value of albumin to normal level and a gradual fall of globulin due to 
a lowering of euglobulin are the significant alterations of plasma proteins that 
accompany the process of recovery. The lower range of pseudoglobulin in all 
these case's may be indicative of the absence of sufficient antibody formation. The 
prognosis as to the complete recovery is, however, difficult to determine. Howe’s 
method of fractionation of plasma proteins, despite its deficiencies as compared 
with the electrophoretic method, give fairlj'- uniform results and may prove to be 
• of great prognostic value in following the course of the disease. 
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Table VII. 


Hoive's protein fractions in patients ivith tuberculosis declared 

clinicalhj inactive. 



■■■1 


Albumin. 

Globulin. 

Euglobulin. 

Pseudo- 

globulin. 

Pibrinogen. 

1 

\ 


Ilesulls expressed in g. per 100 e.c 



1 ■ 

1 

I 10-12-11* 

1 

0-81 


IIG 

i 

i 

1 1 



20- 5-44 

i 

7*57 

i 4*77 

1 

2-80 

1-18 

1-62 1 

1 i 

Serum. 

= 1 

1944 

1 

0-90 1 

4-20 

2-70 

0-95 

1 ! 

I 

{ 

0-21 

1 

I 1940 

7-40 

4-89 

2-01 

0-68 

1-D2 J 

0-21 

3 

I 1942 

0-93 

1 4-37 

2-56 

0-62 

1-94 

Serum. 


1943 

1 

7-07 

[ 

4-97 - 

2-70 

0-58 

1 

1-05 ^ 

0-17 

4 . 

1 i 

; 1946* 

7-07 

4*‘^2 

3*45 

1-61 

1-50 

0-34 


Jiuiy. 1046* 

7-50 

4-13 

3-37 

1-37 

1-62 , 

0-3S 


■ , Juno 1946 

1 

7-37 

4-02 

2-75 

o-os 

! 

1-75 1 

0-35 

5 

... 

7-GO 

5-18 

2-42 

0-60 

1 

1-62 1 

I * 

0-20 


* During illness. 


Ch.VNGI'.S IX THi; PLASMA PKOTEIXS IX KALA-AZAR. 

T'lic results of fractiouulion of ]>lasniii jmitoins in 2 patients with kala-azar 
during treatment are shown in Table VIII. 







308 


Plasma Proteins in Flealth and Disease. 


Table VIIL 


FractioMtion of plasma proteins in 2 cases of I'ala-azar during the 

course of treatment. 


Date. 

Total 

protein. 

Albumin. 

Globulin. 

Euglobulin. 

Pseudo- 

globulin. 

Fibrinogen. 



Results e 

xpressed in 

g. per 100 c.c. 


Case 1. — 

21-7-42 

11-43 

2-37 

i 

1 9-06 

4-02 

4-38 

0-66 

10-8-42 

11-64 

3-04 

! j 

8-60 

1 

3-80 

4-25 

0-55 

21-8-42 

11-62 

; i 

3-52 1 

1 8-10 

3-49 

4-10 

0-51 

31-8-42 

10;47 

3-91 

G'5G 

1 

2-16 

( 

1 3-80 

0-60 

7-9-42 

10-53 

1 

4-29 

6-24 

2-28 

i 

, 3*30 

O-GO 

15-9-42 

1 

9*87 

4-38 

5-49 

2-03 

2-87 

0-59 

21-9-42 

9-85 

4-44 

5-41 

1*36 

3-35 

0-70 

Case 2. — 

28-12-42 

1 

1 

9-06 

1-50 

7-56 

i 

4-63 

2-56 

0-37* 

1- 1-43 

9-18 

1-07 

8-11 

4-80 

3-11 

0-20t 

15- 1-43 

9-37 

1-28 

8-09 

4-79 

3-03 

0-27 

0- 2-43 

9-72 

1-90 

7-82 

4-72 

2-86 

0-24 

16- 2-43 

9-87 

2-39 

7-48 

4-65 

2-57 

0-26 

5- 3-43 

10-43 

3-25 

7'18 

i 

3-02 

2-87 

1 

0-29 


* Treated with quinine. f Treatment changed to urea stibamine. 


A study of the results of Table YIII clearly indicate that the values of plasma 
proteins were typical of Icala-azar characterized by a low albumin and a marked 
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increase in the value of globulin. The globulin increase was due to a greater 
increase in the euglobulin than in the pseudoglobulin fraction. The concentra- 
tion of euglobulin was about 7 times the normal value. Hyperglobulinsemia in 
both the cases was associated with hyperproteinsemia. The prompt response to 
treatment shown by case 1 was reflected by a progressive rise in the value of 
albumin to normal level and a gradual fall in the value of euglobulin. The concen- 
tration of globulin remained elevated in spite of a regular fall in the value of 
euglobulin. The partial recovery of case 2 was followed by an increase in the 
value of albumin which was slow but unmistakable. The globulin value differed 
little from the highest value reached during the illness. Although there is a definite 
tendency for the globulin fraction to return to normal level little is known of the 
duration of hyperglobulinsemia. 

From the results of these cases of kala-azar it is evident that serial observa- 
tions are of great value, first because these give information concerning the 
efficacy of treatment ; second because these are an index of the progress of the 
disease.* The progressive rise of albumin towards normal is of definite prognostic 
value in following the course of the disease. 

Lloyd and Paul (?oc. cdt.) followed the changes in the plasma proteins in 6 cases 
of kala-azar by the refractrometric method. According to these authors the first 
stage in the treatment is a fall in the pseudoglobulin traction and a rise of albumin 
which occurs immediately. The albumin and the total globulin curves rapidly 
crossing to form a characteristic X curve. In the second stage, the pseudoglobulin 
after an initial fall begins to rise and steadily climbs up, the euglobulin falling by 
an equal gradient. The change of euglobulin to pseudoglobulin was regarded 
by them as the explanation of the second stage and the conversion of pseudo- 
globulin to albumin as the explanation of the first stage. 

We are. however, led to believe that the rapid rise in albumin immediately 
after the administration of antimony would tend to verify the importance of the 
infectious process per sc in interfering with the production of albumin. The 
progressive rise in albumin during the treatment could be better attributed to the 
regeneration of albumin by the liver after the termination of the infection rather 
than to the transformation of pseudoglobulin to albumin as suggested by Lloyd 
and Paul {loc. cil.). It is evident from the results of our 2 cases of kala-azar that 
the increase in the concentration of albumin is decidedly greater than the decrease 
in pseudoglobulin at any stage during the course of clinical improvement. Besides, 
Hartley (1915) has shown that albumin and globulin differ decidedly in their amino- 
acid composition, consequently hypothesis assuming the transformation of globulin 
to albumin or vice versa must receive more definite proof in order that thev mnv 
deserve further consideration. ' ^ ' 


The intimate association of liver with the maintenance of normal concentration 
of proteins of the blood plasma is well established. Although the cases of kala-azar 
arc accoinpamed by hepatic involvement, the ability of the liver to form nlasma 
albumin is, however, not impaired. This is clearly indicated by the rapid rise 
in albumin which follows immediately after the administration of antimonv 
Prcsnmablv this means that the normal plasma-protein forming mecham?^- 
disturbcd by the complicated body reaction to infection. '-namsm 


IS 
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There is now good evidence that production of serum globulin is dependent 
upon the utilization of an adequate assortment of amino-acids. Although complete 
amino-acid analysis of normal serum globulin is still lacking, there is evidence 
that it_ contains several amino-acids essential for maintenance of nitrogen equili- 
brium in man. Madden and Whipple (1940) have shown ‘ that globulin formation 
is directly dependent upon diet’. In kala-azar, when the parasites inyade the 
organism, the essential amino-acids derived from ihe food are mostly utilized for 
the formation of globulin which takes place at the exjiense of albumm. The protein 
reserve of the body becomes dissipated in an attempt to maintain the normal level 
of plasma albumin and as the compensatory mechanism fails to make good the loss, 
the albumin gradually decreases until the vicious circle is broken by antimony. 
When, therefore, the source of infection is removed, the essential amino-acids 
become available for the synthesis of albumin resulting in a rapid rise of albumin. 
A decrease in globulin formation that accompanies the rise of albumin might be 
due to lessened stimidus to globulin formation resulting from the action of the drug 
on the invading organism. The significance of increased globulin in kala-azar is 
not properly understood. 


HyperglobuliNvEMIa and associated hyperproteinaemia in some 

TYPES OE HEPATIC DISEASE, ESPECIALLY CIRRHOSIS. 

An alteration in serinn proteins during the course of cirrhosis and other ty^jes 
of liver disease has been observed by several investigators. Myers and Keefer 
(1935) and Tumen and Boclais (1937) reported that hypoalbumimemia was the 
most constant alteration of serum protein in all patients who had chronic or 
advanced diseases of the liver. An elevation in the serum globulin was not as 
constani. as the reduction of serum albumin. Post and Patek (1942) reported 
that a reduction of serum albumin is an essential factor in the production of ascites 
and that the prognosis as to the duration of life becomes increasingly grave as 
the level of serum albumin decreases in patients with cirrhosis. 

Recently, \"arious authors have demonstrated a rise in serum glolmlin in 
some cases of cirrhosis of liver. Gutman and Wise (1936) reported globulin 
values of 0-0 g., 5-0 g. and 5-0 g. per 100 c.c. with corresponding total protein 
values of 8-4 g., 7-4 g. and 7-2 g. in 3 cases of cirrhosis. Cardon et al. 
(he. cil.) reported 9 cases of hepatic diseases including 6 cases of cirrhosis in 
which hyperglolmliinemia was associated with hyperproteiiuemia. Stacey (1945) 
reported the results of fractionation of serum proteins in 36 cases of j)ortal cirrhosis. 
The value of total protein above 8 g. per 100 c.c. was found in 3 of the 36 cases 
studied. 

The data contained in this report reprc.sent part of the results of fractionation 
of plasma proteins in 56 patients with cirrhosis of liver. 'J’en patients presented 
a value of total protein above 8 g. per 100 c.c. This series consisted of 16 cases in 
adxdts and 40 others in children including some cases of infantile cirrhosis. 

The results of fractionation of proteins in the blood plasma of 16 patients in 
adults and those of 6 patients in children presenting hypcrproteiiicemia are recorded 
in Table IX. These results indicate the general trend of values of plasma protein 
in cirrhosis. 
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Table IX. 


Fractionation of 2)hs}H(t proteins in cirrhosis of liver. 


Number. 

Total 

protein. 

Albumin. 

> 

1 

Globulin. | Euglobuliu. 

I’SsOUllo- 

globulin. 

Fibrinogen. 

Date. 


j Hcsiilts e.xprcsseil iu g. per 100 c.e. 



Group A. — 6 eases in, children prctstnliug hypcrproleiriKmia. 


1 

! ST2 ' 

l-0!t 

3-43 

I'oO 

T93 

•Scrum. 

... 

O 

S'Gl 

4-10 

4-15 

l-Gt 

2-30 

0-21 


3 

0-02 

3-S9 

5*73 


2-31 

0-32 


4 


3-74 

5-5G 

2-87 

2-34 

0-35 


5 

1 S'OO 

2-G3 

5-37 

2-78 

2-28 

0-31 


G 

j STO 

1-70 

0-31 

3G9 

2-39 

0-23 

... 



Group B . — 16 cases in adttUs. 



‘i 

10-87 

2-50 

8-31 

5-10 

2-98 

1 0-17 

18-10-44 

10-81 

2-81 

8-00 

5-Gl 

2*22 

0-17 

24-10-14 

2 

9-01 

2-.75 

7-00 

4-89 

2-00 

0-17 

... 

( 

S-70 

2-57 

G-13 

2-88 

2-08 

0-27 

6- 2-44 

3 1 







\ 

0-00 

2-80 

0-20 

2-70 

3-25 

0-25 

20- 2-41 

4 

7-Sl 

2-32 

5-49 

3-12 

2*22 

0-15 


G 

7-81 

2-SI 

5-00 

2-99 

T65 

0-3G 

... 

G 

7-37 

-2-01 

4-43 

1-41 

2-7G 

0-20 

• • 

7 

G-SS 

2*12 

4*70 

1-07 

3-09 

Scrum. 

... 

s 

0-GS 

2-.'.7 

4-11 

1-lS 

2-14 

0-19 ! 


11 

G-r,o 

2*29 

4-27 

2-34 

T71 

0-22 1 


10 

0-43 

2-27 

4-10 

1-25 

2-41 

0-50 1 


11 

0-37 

. 2-45 

3-92 

2-17 

T5I 

0-21 


12 

, 0-31 

2-,)G 

3-7.5 

T62 

1-91 

0-19 

■ 

13 

0-00 

-2-41 

3*50 

1-37 

1-90 

0-29 


14 

\ .7‘Sl 

1 

1-98 

3-83 

1-G9 

T82 

0-32 



) C)*2v7 

2-OS 

2-.57 

TOG 

T32 

0-20 


IG 

8-.74 

4-22 

4-32 

T49 

2-17 

o-co 

... 
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All of the 15 cases included under group B were males and attended the 
hospital when the disease was well advanced. All of them had ascites. In everj’’ 
instance the plasma albumin was below 3 g. per 100 c.c. The globulin was above 
the normal range in all but one. The globulin level was more variable than that 
of the albumin. The value of 8-31 g. per 100 c.c. recorded in case 1 is possibty 
the highest value on record in this condition. The total protein was normal in 
3, below normal in 9 cases. Hyperglobulingemia was associated with hyper- 
proteinaemia in 3 instances. 

In 22 of the 40 cases in children the values of plasma proteins were similar 
to those found in adults. The albumin varied between 1 ’4 g, and 2'84 g. per 100 c.c. 
The globulin was elevated in 17 of the 22 cases ranging between 2-56 g. and 6-08 g. 
per 100 c.c. The total protein was above 8 g. per 100 c.c. in only 2 cases (cases 
5 and 6, group A). 

In contrast to the foregoing data are those of 14 patients in children 
who appeared to be less severely ill. The range of albumin in this group 
was higher, varying from 3T3 g. to 3-80 g. per 100 c.c. The globulin values 
showed less marked increase ranging between 3‘06 g. and 4'06 g. per 100 c.c. 
The total protein varied between G-56 g. and 7-62 g. per 100 c.c. These 
patients were admitted for irregular fever with distension of abdomen and 
jaundice in some of the cases. Nevertheless, all of them revealed ample signs 
of cirrhosis of liver. 

The results of the remaining 4 children presenting hyperproteinsemia are 
presented in group A (cases 1 to 4). The results of these 4 cases are significantly 
different from those of the other cases in the series in that the hyperglobulinsemia 
in these patients was not accompanied by an appreciable lowering of albumin which 
is so common in this condition. 

The most significant alterations of plasma proteins in cirrhosis of liver are a 
decrease in the value of albumin and an increase in globulin. The incidence of 
marked hypoalbuminjemia seems to be usually high. Thirty-nine of the 56 
cases presented albumin levels below 3 g. per 100 c.c. Our figures with regard 
to the low albumin in cirrhosis play only a confirmatory^ role •, an increase 
in the value of globulin was, however, constant in this series as the lowering 
of albumin. The total globulin above normal was found in 50 of the 56 cases 
studied. The data presented in Table IX reveal that the values of globulin 
show a wide range of variation without a significant change in the concentration 
of albumin. 

Our findings when taken as a whole do not justify any definite conclusion 
as to the correlation between the changes in the albumin and globulin levels and 
the clinical course of the disease. Gray (1940) suggested that there may be a 
correlation between the extent of alteration of albumin; globulin ratios and the 
severity of hepatic disease. Post et al. (loc. cit.) reported that there is a direct 
correlation between the level of serum albumin and the clinical course. From 
the trend of the changes in the plasma proteins it would appear that the albumin 
content of the blood tends to decrease as the disease process continues until it 
reaches a low level. But the significance of a wide range of variation in the value 
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oi globulin witbout any appreciable change in the concentration of albumin cannot, 
however, be overlooked. For the interpretation of results it is essential that 
other factors which may affect the concentration of either of the constituents^ and 
account for lack of correlation must be excluded. The co-existence of nutritional 
deficiency and cirrhosis of the liver may be responsible for the low level of albumin 
in many of our cases. No satisfactory e^lanation can, however, be advanced 
for the occurrence of marked hyperglobulinsemia and hyperproteinsemia in some 
cases of cirrhosis and not in others. 

The interpretation of the different globulin subfractions in hyperglobulinffimia 
are more obscure. Gutman et al. {loc. cit.) was the first to notice an increase of 
euglobulin in hepatic cirrhosis. Stacey (loc. cit.) reported that serum euglobulin 
was above normal in all the patients with cirrhosis, the average being four times 
the normal average. The data recorded in Table IX indicate that an increase 
in the euglobulin fraction being the sole cause of hyperglobulinsemia in this 
series. The pseudoglobulin fraction was slightly above normal range in 11 of the 
22 cases, but the average show a small rise which is statistically significant. An 
inspection of our data further reveals that as the total globulin content increases 
beyond 5 g. per 100 c.c., the globulin increment is composed almost entirely of 
euglobulin fraction which in 10 of the 22 cases has superseded the total pseudo- 
globulin as the major globulin component. The highest value of euglobulin in 
this series is 5'61 g. per 100 c.c. which is about ten times the normal average. 
Should such marked increase in euglobulin fraction be found to be of such high 
incidence and so characteristic of hepatic cirihc‘sis it should have a definite clinical 
significance. Stacey has suggested that estimation^ of serum euglobulin and 
euglobulin ; albumin ratio may provide more sensitive indices of disordered protein 
formation in this disease than total globulin. It is evident that further investiga- 
tion is necessary in order to explain fully the mechanism of euglobulin formation 
in hepatic disorders and also to search for some common factor responsible for the 
increase in euglobulin observed in a number of other conditions which are clinicallv 
so different. 


Plasma pkotein in hepatic disobdeks other than ciebhosis. 

Determination of plasma protein was carried out on more than 30 patients 
with hepatic involvement of various knnds such as toxic hepatitis, obstructive 
jaundice, liver abscess and so-called catarrhal jaundice. Elevation of globulin 
was noted in all the cases but not with the same degree as in the cirrhosis The 
globulin values ranging between 2-87 g. and 4-37 g. per 100 c.c. and exceeding the 
value of 4-0 g. in 6 of the 32 cases studied. The values of albumin were within 
the normal range m 8 cases, below 4 g. per 100 c.c. in 14 cases and vairing between 
2 g. to 3 g. per 100 c.c. m 10 others. The values of total protein ranging between 
G g. to . -93 g. per 100 c c. m 30 of the 32 cases. Hyperproteiniemia was present in 
2 cases of acute catarrhal jaundice. In one of the patients the protein fractions 
returned almost to normal ;mthin 15 days after clinical improvement. The results 
are recorded m Talilc X. This patient was a member of the staff whose blood wa^ 
analysed 2 years previous to liis illness and the result was included in the normal 
values of plasma protein m Indians. 
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Table X. ' - - • 

Plasma 'prolem valves in a case of catarrhal javndice dvrhig illness 

and after recovery. 


Date." 

Total 

protein. 

Albumin. 

Globulin. 

H 

Psciulo- 

globnlin. 

Ptbrinogon. 

Sedi- 

mentation 

v.ate. 




Re.'jults esprossecl in 

g. j)er 100 

C.C. 


1941 

7-96 

0-21 

2-71 

0-G5 

1-71 1 

O-Si) 

3 

1943* 

8-90 

5-01 

1 

3-89 

1T)2 

2-13 

0-21 

34 

1943t 

/ 

7-93 

ii-OS 

■ 

O-.')!- 

2-i2 

> 

0-22 

3 

\ 


* During illness. t 1=’> da.vs after clinical improvement. 


The changes in the plasma protein during an attach of ncnte catarrlial 
jaundice consisted in a decrease of albumin and an increase in the value of globulin. 
The globulin increment was found to lie composed of both euglobulin and pseudo- 
globulin. Following recovery the globulin value almost returned to the original 
level. The decrease in tlie globulin level was entirely due, to the lowering of 
euglobulin, the pseudoglobulin remaining unchanged. The result further indicates 
that an attack of catarrhal jaundice does not produce a significant decrease 
in the value of albumin. 


Hypebproteina^mia tn mt.scellaneous conditions. 

In the miscellaneous group in our series are 6 cases of acute nephritis, 5 cases 
of congestive heart failure, 5 cases of fever, 2 cases of suppurative infections and 
1 in each of pneumonia, tetanus and primary toxic goitre. There was one case in 
which hyperproteinremia was clearly due 1o dehydration from vomiting. The 
results are included in Table XI. 

Acute nephritis . — Kagan (loc. cit.) reported that.hyperglobulintemia was .seen 
in 50 per cent of the determinations done in a .study of patients with acute glomerulo- 
nephritis. Hyperglobulinanuia was present in SO per cent of the cases in our 
series. The concentration of globulin above 4 g. per 100 c.c. was found in only 
].S of the 70 cases studied. There were only 4 cases in which the value of globulin 
exceeded 5 g. per 100 c.c. Hyperglobulinanuia associated with hyperproteinaimia 
was present in G of the 70 cases. The globulin increment in this condition wa.s 
found, to be composed of botli euglobulin and iiseudoglobulin, thus conforming 
with the characteristic pattern of chronic infection. 
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Table XI. 


HyperproteincRnna in miscellaneous conditioy^s. 



’S 








o 

3 

2 



o 

&0 

Diaoxosis. 

o 




' 'f 

o 


3 


pfi 

p3 

o 

*53 

5 



il 


< 

o 







Res\ilt‘5 expressed 

in g. per 

100 c.c. 



1 

9.07 


4-G3 

1 

1-91 1 

2-12 

o-co 

Acute nephritis. 

2 

9-CS 

4-.72 

5-lG 

1-77 ^ 

1 

2-.-,G 

0-83 

Hrcmorrhagic nephritis. 

3 

8-87 

3-69 

5-lS 

2-00 1 

2-23 

0-95 

Acute nephritis. 

4 

8-81 

5-25 

3*jG 

) 

1*GG 

1-90 

Sernra 

»* *f 

5 

8-12 

5-01 

3-11 

o-os 

1-73 ■ 

0-40 

Xephritis. 

0 • 

s-os 

3-48 

4-GO 

1-34 . 

3-20 

Scrum 

>* 

7 

8-87 

3'GO 

0-27 

2-09 ' 

2-G3 

0-55 

Congestive heart failure. 

s 

8-G8 

3-44 

5-24 

1-87 

2-80 

0-.57 

Cardiac failure. 

9 

8-31 

4-GO 

3-05 

MO 

-2-19 

0-30 


10 

1 8-OU 

3-40 

l-OO 

1-30 , 

3U 

0-25 


11 

' 8-07 

3-37 

1-70 

1-90 

2-80 

Scrum 

Swelling of the fec-t and breath- 








icesne*^'?. 

12 

9-87 

4-44 

5-43 

1-77 

2-34 

1-32 

Tits and fever. 

13 

9-37 

3-0(1 

0-37 

^(’74 

2-37 

0-2G 

1 

Fever with enlarged spleen and liver. 

11 

8-93 

! 4’4r> 

1 

4-48 

1-G9 

1-92 

0*S7 

During incubation x>eriod of malaria. 

1.'. 

8-02 

; 4-19 

4-43 

1-.52 

2-50 

0-41 ' 

Typhoid, widal 1 in 250. 

10 

819 

1 

, 4 -OS 

1-73 

2-95 

Scrum 

Fever undiagnosed. 

17 

S'fl2 

2-80 

."rTG 

2-78 

2-98 

•• i 

Psoas abscess. 

IS 

s- 2 :. 

i 4-32 

1 

3-93 

1-38 

2-55 

1 

i 

Fevei, swelling of the thicl,- 
abscess. ° 

19 

' S-31 

I n*r>( 

1-77 

2M . 

1 

2-05 

0-lS i 

Swelling of thyroid gland for 1-’ 








year?,. 

20 

s-is 

i 3-.70 

4-GS 

2-02 

2-00 

1 

Scrum 1 

Pneumonia, had gonorrheoa. 

21 

S-.'.2 

\ 3-21 

5-30 


2-43 

0-50 

Tct.anu-. 


9-00 

. O.O.T 

j O Ote 

i 

5-G8 


3-23 

1 

f^eruin j 

1 
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TABiiE XI — concM. 


Number. 

Total protein. 

Albumin. 

Globulin. 

Euglobulin. 

' 

Pseudoglobulin. 

Fibrinogen. 

Diaonosis. 


Normal total protein with 

marked hyperglobulhimmia. 


1 

1 

1 

7T8 

1-87 

1 

5-31 

3-5C 

1-73 

Serum 

Kala-azar ; h.D. bodies present. 

3 

7-S6 

2-80 

1 

5-OG 

i 

1 

! 

3TC 

1 

1*99 

a 

Fever ; enlarged spleen and liver. 


Congestive cardiac failure . — The concentration of albumin was found to be 
lowered in most of the cases of cardiac failure. In 70 per cent of the cases the 
values of albumin ranged between 3 g. and 4 g, per 100 c.c. The concentration of 
albumin below 3 g. per 100 c.c. was present in about 15 per cent of the cases. Our 
results with regard to the lowered range of albumin in congestive heart failure 
are in agreement with the hndings of Payne and Peters (1932), The concentration 
of total protein was normal in 40 per cent of the cases and above 8 g. per 100 c.c. 
in 5 of the 50 cases studied. The normal value of total protein in spite of lowered 
albumin was due to an increase in the value of globulin. Globulin increase was 
present in 80 per cent of our cases of cardiac failure, a point which was noted by 
Luetscher {loc. cit.) in all their patients with congestive heart failure. 

In addition to the cases already recorded under miscellaneous conditions there 
were a few more cases of hyjjerproteinaemia in this series. These cases have not 
been included under Table XI as the globulin subfractions was not determined in 
any of the cases. 

Hyperproteingemia was present in 5 of the 14 cases of tetanus studied. I'he 
tendency towards a higher range of total protein was noticed in almost all the cases 
due to a slightly elevated range of globulin. The concentration of globulin above 
5 g. per 100 c.c. was found only in 1 case recorded in Table XI. Total protein 
above 8-7 g. and globulin above 5 g. per 100 c.c. were found in a patient who had 
pleurisy with effusion and also in 2 females who attended the hospital complaining 
of pain all over the joints. Hyperglobulinremia was observed in a_ number of 
patients with various acute or chronic infections but the globulin increase was 
not significant. 

Discussion. 

Total protein . — The highest value of total protein in our series was 11 ‘62 g. 
per 100 c.c. and was found in a case of kala-azar. The concentration of total 
protein between 9 g. and 10 g. per 100 c.c. occurred mostly in lymphogranuloma 
venereum, in kala-azar and in cirrhosis. Less marked hyperproteingemia was 
observed in a number of disorders associated with various infections. 
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Albumin. — ^I’he concentration of albumin witbin normal limits was found 
in all tbe 3 cases of tubercular adenitis and in some cases of sypliilis. nephritis and 
a few other cases included under miscellaneous conditions. The values of albumin 
below normal were found in all conditions accompanying the wasting of chronic 
infections. In cirrhosis and in kala-azar the concentration of albumin was very 
often disproportionately low in relation to the total protein. The essential 
difference between the two conditions is that, when the patient with cirrhosis 
develops a definite hypoalbmninajmia, the chance of a subsequent sustained 
increase in this protein fraction is remote, whereas in a patient with kala-azar 
there is a progressive rise in the value of albumin immediately following treatment 
with antimony. There is no correlation, however, between the total protein ajid 
albunrin in any of the conditions mentioned above. This is in agreement with the 
findings of Gutman pt nl. (he. cit.). 

Total (jJobulin . — Tlie highest value of total globulin in our series was 9-00 g. 
per 100 c.c. and occurred in a case of kala-azar. The values of total globulin 
varying between 6 g. and 8 g. per 100 c.e. were observed only in cirrhosis and values 
between 5 g. and 0 g. were most common in cases of l 5 nnphogranuloma venereum. 
The concentration of globulin was found to be elevated in almost all cases of 
syphilis, tuberculosis and nephritis, but only occasionally that the values exceeded 
5* g. per 100 c.c.. the usual range being 3 g. to 4 g. per 100 c.c. An increase in the 
globidin fraction slightly above the normal range was encountered in persons 
apparently healthy but showing signs of mild or latent infection. 

Graph 1 gives the relation of globulin to total protein and is made up of 
12 points representing the results of 2 cases of kala-azar, 9 points for 9 cases 
of lymphogranuloma, 30 poiirts for 30 cases of syphilis. 55 points for cirrhosis, 
45 points for patients with tuberculosis, 4 points for each of tlie 4 cases of leuka?mias 
and of tubercular Ijmphadenitis and 10 points for patients with various other 
infections. The points show a definite trend with a sharp positive slope indicating 
the direct proportionality of the total globulin to the total protein of the blood 
plasma. 

Hyperproteintemia is no doubt due to an increase in the value of globulin, 
yet a normal value of total protein may be_ obtained in spite of an increase in 
globulin due to a correspondmg diminution in the albumin fraction as shown in 
Graph 1. Determination ol total jirotein alone without reference to the separate 
components has no quantitative significance. It is for these patients that there 
is the greatest need for an accurate estimation of tlic albumin and globulin'fractions 
separately. 

Evghbuhn and f<!cudoglobiiJiu . — Several studies on serum protein by the method 
of Howe arc recorded in the literature. Tlie data relating to kala-a^ar. cirrhosis 
lymplmgranuloma venereum and various other infectious indicate that hyper- 
glohuHnwmia is associated with an increase in euglohnlin and pscudo<rlobulin 
fractions. The significance of the increase in anv of the globulin subfractions 
is not properly understood. 

From the results of fractionation of plasma protein, which wc have carried 
out on a large senes of case.s covering wide varieties of diseases, it can be inferred 
that the range of \ ariation of the two components of the globulin fraction may be 
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different in different infections. The values of euglobulin slightly above the normal 
range were found in individuals who were not actually ill when the blood was taken 
but showed signs of mild infections such as common cold or sore throat, etc. A 
similar increase in the euglobulin fraction was seen most frequently in all patients 
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suffering from subacute nephritis or nephrosis. Patients presenting various mani- 
festations of malnutrition, such as macrocytic anaemia or nutritional oedema, often 
showed values of euglobulin above normal range due to an associated infection. 
An increase in the concentration of euglobulin in all these cases was associated 
with a lowering of pseudoglobulin so that the total globulin was either normal 
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or sliglitly elevated. In contrast to tliese are the cases of acute nephritis, syphilis, 
tuherWosis, lymphadenitis, leukaemias, etc., where the increase in the euglobulin 
fraction was greater than those of the previous group and was associated with an 
increase in the psendoglobulin. The total protein was, therefore, much above the 
normal. 

A marked increase in the euglobulin fraction was encountered in almost all 
the cases of cirrhosis, lymphogranuloma and kala-azar. The increase _ in the 
euglobulin fraction was accompanied by a lesser increase in pseudoglobulin. The 
relation of euglobulin to the total globulin is shown in Graph 2. The points show 


Graph 2. 



a definite upward trend illustrating that, as the concentration of globidin increases 
a jiroportionatcly larger jiortion is composed of euglobulin. " ’ 

A significant increase in the value of euglobulin is usually found to be 
associated with low albumin. Our results sugsest that in some of' the conditions, 
es]ieciaily in kala-azar and in cirrhosis of the liver, the increase in the value of eimlo- 
hulin takes place at the cost of albumin, so that, as the albumin : globulin ratio 
decreases, the englohnlin : alluuuin ratio increases. 

By plotting the cuglohulin ; albumin ratio asjainst the albumin : "lobulin ratio 
for \-anous conditions mentioned in the text a curve is obtained lis shown in 
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Graph 3. TJie points sho'O' that as tiie albumin : globulin ratio decreases, the 
euglobulin : albumin ratio show a slows biit steady rise with a sharp upward trend 

Gkaph 3. 



Albumin : globulin ratio. 

for values of albumin : globulin ratio below 0-5 ; illustrating that in some of the 
conditions the failure in the production of albumin is made good by increased 
euglobulin production. 
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Stace)" (Zoc. cit.) suggested tliat euglobulin albumin ratio maj’ provide more 
sensitive indices of disordered protein formation in cirrhosis of the liver. This is in 
agreement with our findings. It is, however, necessary to exclude other condi- 
tions which may lead to a lowering of albumin. The significance of the increase 
in the value of euglobulin cannot be properly understood unless the common factor 
responsible for this increase in different conditions is found. 

Summary. 

The results of fractionation of plasma proteins by the method ot Howe are 
recorded in 74 cases of hyperglobulinasmia associated vuth hj’perproteinaemia. The 
results illustrate the distribution of globulin subfractions in various disorders 
presenting hyperglobulinasmia, HyperglobubuEemia is usually associated with an 
increase in both the euglobulin and pseudoglobulin fractions. In the higher range 
of globulin (above 5 g. per 100 c.c.) the globulin increment is mostly^ due to an 
increase in the euglobulin fraction. This is particidarly significant in cirrhosis 
of the liver and in kala-azar. The estimation of serum euglobulin may provide 
a better indication of the severity of the disease in these two conditions than the 
estimation of total globulin. 

The results of repeated determinations of plasma protein values in some of our 
patients with tuberculosis, kala-azar, cirrhosis and catarrhal jaundice during the 
course of treatment suggest that Howe’s method of fractionation of the proteins 
of the blood plasma, despite its deficiencies, gives fairly uniform results and may 
prove to be of great prpgnostic value in following the course of the disease. 


The author takes this opportunity to thank Professor D, HI. Telang for his 
interest and encouragement. lie is also indebted to ^Ifr. K. Y. Ramalingeswarao. 
M.sc., for his assistance in determiuing the blood proteins. 
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DETERMINATION OF FLUORINE IN BIOLOGICAL 
MATERIALS AND ITS APPLICATION IN FLUORINE 
INTOXICATION STUDIES IN CATTLE 
IN INDIA. 

BY 

B. N. MAJT3MDAE, 

AND 

S. N. RAY. 

{From the Indian Veterinary Research Institute, Izatnagar.) 

[Received for publication. May 5, 1947.] 

The profound toxic effects of fluorides, even in small quantities, have been 
clearly recognized in recent times. As fluorine compounds are widespread in 
nature, attempts have been made in various countries to chart the endemic fluorosis 
zones. This has led to the working out of a number of methods for analysis of 
fluorine in biological materials. Of these, the volumetric method of WiUard and 
Winter (1933) has proved to be the most popular. This method is quite simple 
and with certain modifications (Armstrong, 1933). has been found to be reliable 
by some workers. Thus, Roholm (1937) found that the method gave results with 
errors seldom exceeding 10 per cent in sainples containing a minimum of 87 /tg. 
of fluorine. During our study of fluorine intoxication cases in cattle in India a 
search was made for a reallj' dependable micro-method of fluorine estimation, and 
the Willard and Winter’s method was given an exliaustive trial. The results, 
however, were often found to be inconsistent, duplicate determinations sometimes 
varying by SO to 200 per cent. As the method offers several advantages, it was 
decided to make a more detailed study of it and by scrupulously eliminating the. 
various sources of error to bring it into the line of practical accuracy and general 
usefulness. The results of our studies are presented in this paper. It may be 
stated that the Willard and Winter technique modified as a result of these studies 
admits of fluorine estimation in biological materials in amounts as low as 2-5 fig. 
or 30 fig. The error even at this low level scarcely exceeds 5 per cent. 

The principle involved in the technique is that when a compound of fluorine 
is distilled with perchloric acid in the presence of silica under specified conditions, 
all the fluorine passes into the distillate as hydrofluosilicic acid. The latter is then 

( 323 ' ) 
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fixed iu alJcali solution, acidified and titrated in alcoLolic solution by tliorium nitrate 
employing sodium alizarine sulplionate as an indicator. 


Expebimektal, 

Influence of and indicator on iitre. — While titrating with thorium nitrate 
solution it was soon realized that the amount of indicator solution added and the 
acidity of the solution at the time of titration affected the titre coiisiderably. 
Typical cases are illustrated iu Table I 

Table I. 


Influence of the amount of indicator and of on litres.^' 


Amount 1 

ofXnP : 
solution, j 
c.c. i 

1 

1 

Indicator, 

drops. 

Extra HCl 
(1 : 60), 
drops. 

pH. ' 

1 ! 
1 

1 

fig. P. t 

present, j 

Mg- 

foiiiia. , 

i 

1 

Pei-centngc 

deviation. 




i 


(i 

(1) 64-6 

-15-0 

1 

4 

1 

3-07 

70-0 



! 





(| 

(2) 64-0 

1 -lo'O 

1 





1 

(1) G8'4 

-10-0 

1 

4 

3 

2-57 

1 76-0 

1 \ 






1 

r 

(2) GS-4 

j -10-0 _ 






i 

fi 

(1) 74-5 

1 

' - 2-0 

1 

4 

(5 

2-34 : 

1 76’0 







1 

! 

i 

(2) 7G-0 

1 0-0 




1 i 

1 

1 

( 

(1) 79-S 

j -j- j-0 

1 

4 - 

1 

! 2-27 

7G-0 






1 

1 

1 

t 


i. 

(2) 78-3 1 

+ 3-0 




i 


f, 

(1) S7-4 

+ 16-0 

1 

4 

12 

' 2-11 i 

1 76-0 

- 




1 

1 


1 1 
1 1 



(2) 88-9 

+ 1G-1 " 


1 


1 

1 


f 

(1) 07-3 

-! 2S-0 

1 

4 

].I 

' 2-03 

7C-0 









i 

(2) 97-3 r 






fi 

(l)G9-9 , 

- 8-0 

1 


6 


7G-0 

1 







i 

{2)71-4 

— G-U 







(1) 75-2 ' 

- 1-6 

1 

■i 

ti 

1 

7G-0 





1 

1 

1 

1 


1 

(2)76-2 j 

- 1-6 


* In tlie abo\e titration-i. to 1 c.c. of iSTuF solution nhicli coircbiiOJuis 
theoictically to 1 c.c. of tlie diluted TJi(XOj )4 solution, 0 c.c. of distilled nntcr and 
10 c.c. of lectilicd spirit nerc added and .ifter evnet nentiali'/ation 'with HCl 
'-olntion (.IS shown by u change of the indicator from pink to colouilcss oi 
slightlj’ yellow), the oxti.a drops of Hf'l w'cie added and the titiation completed 
to the' first ic-appeatance of a pink colour. 
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Ifc will be evident from Table I tbat both HCl and tlie indicator solution 
exerted an influence on tbe titre. Tlie best and practically theoretical titration 
values were obtained only when four drops of the indicator solution and six extra 
drops of the HCI were added. As hydrogen-ion concentration was found to play 
a definite role in the above titrations, the pH values of the various solutions were 
determined potentiometrically. Using the millilitres of thorium nitrate solution 
required and the different values of the solutions as ordinates and abscisste 
respectively, the following Graph has been constructed. The pH at which the 
best value for fluorine is obtained is 2-34. 


Graph. 



htjnicncc of rvchjivd .spirit on ^drr.— Although the importance of a ddbip rectified 
spirit 111 tlie titrating mixtures lias long been recognized, the quantitative a.sncct 
did not appear to have been studied witli exactitude. Por example, it lia« been 
stated tli.at equa volume of alcohol should be added but nowhere has it ever been 
lueiitioued how the litre was affected when greater or smaller volumes wore nSl 
and if at all. .Vn exponment was. therefore, carried out to studv the effect of 
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adding various amounts of rectified spirit on the titre. Tlie results are set out 
in Table II 

Table II. 

Injluence of the amount of rectified 
sinrii on litres. 


Distillate 

taken, 

c.c. 

Rectified 

spirit 

used, 

c.c. 

Tliorium 

nitrate 

required, 

c.c. 

10 

3 

1 

1 

I 

i (n) 3*60 


' r 

(a) 3-25 

10 

5 , - 

(b) 3-25 


f 

(a) 3-00 

10 

10 



. 

(6) 3-00 



(ft) 3-00 

10 

15 

(6) 3-00 


* 4 drops of the indicator + 6 
extra drops of HCl used. 

From Table II it is seen that if less than an equal amount of rectified spirit 
is used for the titration, the result is apt to be high and that the smaller the amount 
of alcohol used, the higher was the titre. Wien an excess of alcohol was used 
accuracy was not interfered with. 

Influence of calchim, phosphate and aluminium ions on litre. — It is known that 
in the Willard and Winter’s method of thorium nitrate titration, _ the presence 
of any of the above ions interferes with the result. The quantitative aspect 
of the ionic interference vas considered of interest and experimental evidence 
was, therefore, gathered to throw light on this. The data are pre.sented in 
Table III. 
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Table III. 


Influence of calcium, ylwsplmte and aluminium ions on direcl lilralion 

with thorium nitrate. 


1 

Amount of NaE' solution taken. 

/^e- F. 

present. 

Mg- F. 
found. 

Percentage 

deviation. 

A. Influence of added calcium ions ; — 




(j) O'o c.c. (20 mg. Ca ion added as CaClj in soln.) 

38-0 

20-6 

— 30-0 

(ii) O’u c.c. (3 mg. Ca ion added as above) ... 1 

38-0 

31-2 

— 18-0 

(til) O'.j c.c. (2 mg. Ca ion added as above) ... 

3S*0 

I 

33't 

—12-1 

(iv) 0'.5 c.c. (1 mg. Ca ion added as above) ... 

3S-0 

35-7 

— G'O 

B. Influence of added phosphate ions ; — 




(i) 0"5 0 . 0 . (1 mg. pliospbatc ion added as KHjPO, in 
soin<) 

38-0 

1 

t 

129-2 

+ 240-0 

(it) O'S 0 . 0 . (O'l mg. phosphate ion added as above) 

j 38-0 1 

05-4 

+ 72-1 

C. Influence of added aluminium ions : — 

1 ] 

1 



(t) 0'5 c.c. (1 mg. A1 ion added as potash alum in soln.) 

38-0 1 

Not titrable ns tho pink 
colour developed ■aith 
the addition of the indi- 
cator does not seem to 
disappear even if a large 
excess of HCl be used. 

D, Direct titration as such ; — 

t 



(i) 0’5 0.0. 

38-0 j 

37-2 "" 

- 2-1 

(ii) O'o c.c. 

' .38-0 1 

1 ' ' 

.38'S 

+ 2-1 

(lii) I'O c.c. 

! TG'O ' 

i 

'G'O 

0-0 

It may be observed from tbe data in Table III that minute traces of any one 
of tlie.se ions, even tvith sufficient alcohol in the titrating luLvture, introduce a 
considerable error. But. all these interfering salts can be easilv eliminated by 
perchloric acid distillation, and so this is an e.ssential feature of the method. The 
]ievchloric acid distillation, at the outset of this investigation, did not prove to be 
sinpile. ^Utcr mmierons trials, details in the technique had to be adjusted and 
the following precise method was evolved. 

run METHOD OF FLUORINE ESTIMATION" 



.'Ipywm/ILC.— The apparatus consists of a distillation set with' a Claisen’s flash 
of lyre.x glass hoving a capacity of 2.50 c.c.. a straight condenser and a receiver 


328 


Fluorine in Biological Materials. 


of about 250 c.c. capacit 3 ^ Eubber-stoppers and rublDer-coniiectioiis were employed 
everj^where. Tbroiigb the rubber-stopper attached to the long neck of the flask, 
a thermometer recording up to 200T. was inserted down to the bottom of the 
flask, and through another hole in tlie stopper a 250-c.c. separating funnel was 
also fitted. The stem of the funnel was drawn into a capillary which went down 
to about 2 to 2i- inches from the bottom of the flask. The delivery tube of the 
distillation flask was bent down vertically and attached to the condenser, with the 
flask resting on an asbestos board with a hole large enough to expose the bottom 
of the flask up to a height of J inch to the even flame from a Eisher burner. 

Reagents . — 

(1) Perchloric acid (Merck’s or Baker’s). 

(2) N NaOH. 

(3) Stock thorium nitrate solution : ITOf g. Th(N 03 ) 4 . dHoO (Kahlbaum) 

dissolved in 100 c.c. water. 1 c.c. of stock solution = 1-52 mg. F. 

(4) Dilute thorium nitrate solution : 5 c.c. of solution hfo. 3 are made up to 

100 c.c. with distilled water, so that 1 c.c. of this diluted solution 
0-076. mg. F. 

{b) -Sodium . alizarine sulphonate indicator: 0'05 per cent of the dye in 
distilled water. 

(6) Hydrochloric acid: 1 c.c. pure and concentrated acid made up to 
50 c.c. 

Method. — The ash of the unkno-wn material, or an accurately measured 
quantity of a standard sodium fluoride solution, was j^laced in the distillation flask 
and washed down with a little distilled water. About 5 c.c. of 70 per cent perchloric 
acid (a correspondingly greater quantity should be added if perchloric acid of a 
lower strength is used) were added and the apparatus was connected vnth the 
condenser. Eighty c.c. of distilled water were then placed in the separating funnel. 
The burner was now lighted for heating. In order to supply silica to the reacting 
mixture, as also to prevent bumping, a few glass-beads were put in the flask. 
Ordinarily, distillation proceeded smoothly, especially with bone, blood, water, 
etc., but in the case of feediug-stuft's or soils bumping was somewhat violent. This 
was partiallv prevented by using broken porcelain pieces instead of glass-beads. 
AVheii the thermometer recorded a temperature of 140°C., water from the separating 
funnel was allowed to enter dropudse and at such a rate that the temperature was 
maintained between 135°C. and 145°C. This was found by trials to be the optimum 
temperature for the best recovery of the fluorine present. When all the water 
in the separating funnel had been added, heating was discontinued and the distillate 
was made just alkaline to litmus with normal caustic soda. The solution was 
then evaporated to a small bulk in a platinum basin -over a sand-bath and finally 
transferred to a porcelain basin for titration. This method of reducing the bulk 
has also been adopted by Boruff and Abbott (1933). An equal amount or a small 
' excess of rectified spirit and four drops of the indicator solution were then added, 
and the solution e.xactly neutralized witli 1 : 50 HCl. Finally, six extra drops 
of the acid were added and the mixture titrated against the diluted thorium nitrate 
solution. The titration was performed in bright diffused light and the appearance 
of a faint, permanent pink colour marked the end-point. 
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Recovery . — ^In Table IV is detailed the result of recovery determinations which 
fully supports the accuracy of the method ; — 


Table IV. 


Recovery of jlmrine on perchloric acid distillation. 


Substance taken. 


( 1 %. P. fig. P. • Percentage 

' present. found. ' deviation. 


Direct titration ; — 


(i) O'.") c.e. XaP solution 

... 1 

^ 3S-0 

37-2 

-2-1 

(ii) I'O c.c. XaP solution 

i 

70-0 

74-4 

-2-1 

(ill) 2‘0 c.c. XaP sobition 

... 1 

152-0 

1 

IS.'.-S 

4-2-5 

Aftc! iUmUaiion ; — 





(ir) O’.'i o.c. XaP solution {5'0 c.c. 70 per cent 
clilorio acid used). 

per- 

3S-0 

38-0 

0-0 

(!•) O'o c.c. XaP solution (20'0 c.c. 20 per cent 
used). 

acid 

1 

i 38-0 

1 

1 

36-5 

-3-9 

(i i) 2'0 c.c. XaP solution (20'0 c.c. 20 per cent acid 
used). 

1 152-0 

1 

15S-1 

-r4-0 

(I'/i) 10 mg. CaFj ... 

... 

{ («) 
4,870 J 

1 (6) 

4,040-0 

5,03.1-0 

-f 1-4 

1 

I t-3-4 

(riii) 20 mg. Cap. ... 


{ (a) 10,070-0 
9,740 - 

1 (5) 10,200-0 

4-3-4 

1 

(i.t) (n) 0'3 g. tooth ash 



440-S 

t 

1 

(6) 0’3 g. tooth a«h - - 20 mg. Cap, 

... 

; 10,1SO-S 

10,.->33-(> 

1 

! -e-o 

(j) (n) 0'3 g. tooth ash (different sample) 

... 


GS4-0 

i 

(h) O'D g. tooth ash as above - 20 mg. Cal', 

... 

10,S19-S 

1 

1 

10,928-0 

i 

1 

;-,5-0 


Attempt .\t kei>l.\cemi:.n-t of perchloric acid by sulphuric acid. 

The high cost of perchloric acid and its non-availabilitv duriim war vears 
ohered cousKlemble dithcultie.s in the course of this investigation! Following 
the lead of Hohinann and Lundell (193S ; quoted bv Low and Prvde 19391 who 
previou<=ly used sulphur.c acid instead of perchloric acid for a .Similar pu^Z 
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an attempt in this direction was made. This, however, was unsuccessful, as 
Table V will show : — 


Table V. 

Effect of replacing perchloric acid by sulphuric acid in the distillation 

process. 


Substance. 

TnORIU.^r iflTKATB SOLUTION BEQUIBED ON 

i 

j Perchloric 
acid 

distillation, 

c.c. 

! 

Sulphuric 

acid 

1 distillation, 
j c.c. 

1 

Percentage 
deviation (on 
the basis of 
perchloric acid 
distillation). 

O'lo g. bone ash ... ... ... j 

! 1-46 


+ S'O 

O'lo g. as above + 3S p.o. F. as NaF 

1-96 

1*75 

-lO'O 

0‘30 g. ash as above ... ... ... i 

2-92 

2-20 ^ 

-44-0 

0'5 c.o. NaF solution = 3S /xg. F. ... ... j 

O'oO 

1 

0'72 

+ 44'0 ’ 

0'07 g. bone ash (clifFerent sample) ... ... j 

1*42 j 

1-40 

- I'O 

0'07 g, ash + 38 /xg. F. as N'aF ... .... | 

1'95 { 

1'70 

-lO'O 

O'lo g. ash as above ... ... ... j 

3'05 ' 

2'10 

-30'0 

( 

0*15 g, as above + 3S /xg, F. as NaF ... . . j 

3-55 j 

2'15 

-40-0 


Peeparation of material. 

For perchloric acid distillation, it is essential that the material to be distilled is 
in the form of ash, otherwise, the procedure is beset with difficulties and danger. 
The presence of organic matter leads to the formation of chlorine fumes and 
explosion may occur. The procedures adopted for the preparation^ of products 
that can safely be distilled vary with different biological materials and are 
described below. In this connection the book by Eoholm [loc. cit.) has been freely 
consulted. 

(«) Bones and teeth. — Bones and teeth from recently-killed animals or from 
field cases preserved in spirit were mechanicallj’’ cleaned by removal of the adhering 
tissues and then left in water containing 0-6 per cent trypsin or papain for 4 to 6 
hours at .37°C. or 50°C., as the case may be, for incubation (Subrahmanyan, 
Duckworth and Godden, 19-39). After all soft tissues had been dissolved, the 
specimen was washed with a little water, refluxed with alcohol for about six liours 
and finally soxhleted with sulphuric ether for another six hours. After this, the 
de-fatted material was ground in an iron mortar and left in a platinum basin at 
105°C. to dry. The dried niaterial was then carefully incinerated and_ ashed in 
an electric furnace at about 500°C. The ash was then ready for distillation. 
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(6) Blood . — A known volume, sa}”^ 40 c.c., was mixed with an amount of 
analytical quality calcium oxide to correspond to 2 per cent strength by volume 
as a fluorine fixative and finally stirred with an equal volume of absolute alcohol. 
This was then dried on a water-bath, incinerated and ashed; the furnace tempera- 
ture was not allowed to exceed 500°C. 

(c) Flesh . — A quantity of finely minced flesh was taken and treated in the 
same way as bones and teeth from the alcohol refluxing stage. The fat-free dry 
material was mixed with 2 per cent calcium acetate as a fixative and the whole was 
moistened with a little water subsequently. The usual drying and ashing were 
done. 

(d) Water . — A known volume, sa)’’ 250 c.c.. was shaken with an amount 
of calcium hydroxide (pro anahjsi quality) to correspond to 2 per cent strength 
by volume. This was then evaporated to dryness by transferring gradually and 
quantitatively the same to a platinum basin heated on a sand-bath. Finally, 
the dried residue was incinerated, ashed and distilled in the usual way. 

For the estimation of fluorine in water, at first the simpler method of alkali- 
nizing and evaporating to dryness, and finally distilling with perchloric acid was 
adopted. It was found, however, that chlorine fumes were evolved and the distil- 
lation wjts accompanied by violent bumping. Further, it was found that normal 
thorium nitrate titration was considerably interfered with and the indicator was 
bleached. At this stage, we came across a paper by Lockwood (1937), in which 
the use of sodium nitrate and aeration was suggested as a means of getting rid of 
chlorine, thus avoiding all interference with the normal titration procedures. 
Acting on this suggestion, the difficulties in titration could be avoided, but the 
chlorine fumes and bumping during the course of distillation still remained as 
sources of great inconvenience. Ashing, on the contrary, of the dried residue 
removed this inconvenience and hence this was adopted for the water distillation. 
In this connection, it may be mentioned that Lockwood (loc. cil.) attributed the 
formation of chlorine fumes during the distillation to the presence of manganese 
in the original water. As ashed material did not give rise to these frmies. it may 
reasonably be concluded that the organic matter present in the water and not 
manganese was the factor responsible. 

(e) Fodder ami soil . — A known amount of the dried substance was taken and 
its moisture determined. The finely powdered material was then thoroughly 
mixed with 2 per cent calcium acetate and a little water. This was next slowly 
incinerated and ashed. It is better here to work with the minimum quantity 
of the ash, otherwise, there is a lot of bumping. Addition of broken porcelain 
pieces to the distilling fluid^instead of glass-beads was found helpful in preventing 
or at least in minimizing the bumping. ° 

(/) Faces and xirinc . — For fa?ces, calchmi acetate was used as a fixative, while 
for urine the fixative used was calcium hydroxide. The rest of the procedure was 
the same as in the case of fceding-stuffs and water, respectively. 


Survey of the fluorike contexts ix fl.^xts axd .\ximal tissues. 

The next stage in the myesfigation consisted of a sur.-ey of the distribution 
of tiuonne m nature, especially m normal plant and animal tissues. Very little 
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systematic work lias been done on these aspects in India. On the otlier band, as 
it is generally sujijiosed that in fluorosis fluorine accumulates in the tissues of the 
diseased animals, a study of the fluorine content of the tissues of normal animals 
was considered essential for purposes of comparison with those of animals suffering 
from fluorine toxicosis. The possibility that such a study might be useful in the 
post-mortem diagnosis of cases of fluorosis was of interest. Similarly, an investi- 
gation into the fluorine content of water, soil and fodder was also indicated in 
order to find out the relative importance of the various substances as sources of 
intoxication in the causation of the disease. 

In what follows, an attempt will be made to describe the results of work done 
in these laboratories and its usefulne.ss in fluorine intoxication studies in cattle 
in India. 

Table VI gives the amount of fluorine present in the boiies and tissues of 
normal cattle. -Parallel figures for fluorotic animals, both from our own exjjeriments 
and from the field, are also given. For convenience, average figures and range 
only have been indicated. It will be seen that the figures from fluorotic animals 
are invariably higher than the maximum fluorine value of normal tissues. 


Table VI. 

Fluorine concentration in hone, blood and flesh of normal and fluorotic 

animals. 


Tis.sne. 


I 

Number of 
I samples 
exnniincrl. 


Normal. Fluorotic. 


Blood : — 

F mg./lOO c.c. whole blood (average) 


Boiie : — 

F mg./lOO g. dry fat-frec material (aver- J 

" ’ I 


I 

.56 normal and / 
5 fluorotic 

(a) Petris 

10 normal and fj 
4 fluorotic I j 

{b) Molar j 


0-1.3 

(O-OS-0-23) 


I23-!) 

(27-0-427-4) 


7 normal and 
7 fluorotic 


I 

1 ; 


42-3 


(l.')-2-fl4-3) 


Flesh 

F mg., 'pound of fre^ih beef (average) 


3 


normal and 
3 fluorotic 


0-33 


(0-32-0-3-1) 


0-82 


(0-37-1 -88) 


787-0 

(4.70-4-1, llo-o) 


180-2 


(93-9-317-2) 


3-43 

(1-14-7-75) 


The estimation of fluorine in the tissues, especially in bones, is, therefore, a 
guide to the incidence of fluorosis and in locating the enzootic fluorosis zones. 
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In Table VII tbe concentration of fluorine in water soil and feeding-stuffs 
from both enzootic and non-enzodtic fluorosis zones is given : — 

Table VTI. 

Fluorine concentration in icater, soil and feeding-stuffs from affected and 

non-affected localities. 


1 

Total I Localities. 


Substance examined. 

of samples 
examined. 

1 

' Affected. 

Non-affected. 

i 

! Suspected,'*' 

j 

1 

Water : — 

F mg./litre ... ... , 


l-oO 

0-44 

1 

' 1*3S 

- 


, 

(MO-2-01) 

(0-10-0-72) 

j (0-84-2-60) 

Soil : — 

P mg./kg. of dried matter 

3 

103-0 

78-0 



1 (88-0-118-0) 


! 

Kharimatti (chalk) ; — 

F mg./kg. of dried matter 

9 

1 

' J 150-0 

... 

12S-0 

Feeding-stuffs ; — 

F mg./kg. of dried stuffs — 


[\ (i4-2-0-15S*0) 

1 


(102-0-15G-0) 

1 ^Yhent bhoosa ... 

1 

' 

1 

3-50 


•2 Wheat bran 

1 

1 

7-90 


3 Barley 

•> 


3-09 


+ Gram 

1 

1 4-10 

4-32 


.') Ground-nut cake 

I 

! 0-98 

1-02 


0 Rice straw 

1 

.3-33 



Rice-straw alkali treated 

1 

2-93 


... 

7 Ground-nut hay... 

1 

3-33 


... 

S .lowar straw 

1 

3-13 

... 


9 .Towar husk 

1 

3-00 



10 Veregi straw 

1 

2-27 


... 


* ' Suspected ' includes arc.is where the incidence of auorosi<; ha'; lately la-en ilt'teete<l a- a result 
of examination of .'fiimples of hone, etc., in these lahorntorie-.. 

J, SIR 7 
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It may be seeu from tbe data ia Table VII that ia tlie eazootic areas tbe fluoriae 
coaceatratioa ia water aad soil is relatively bigber, but this is not noticeable in tbe 
feeding-stuffs. 

A few data have also been collected with respect to tbe normal physiological 
excretion of fluorine in cattle maintained in areas where tbe fluorine concentration 
in water is fairly low as at Izatnagar. Tbe bill-bulls in this experiment were fed 
on a ration consisting of wheat bboosa as roughage, and ground-nut cake and barley 
as concentrates. Tbe daily average excretion of fluorine through urine and faeces 
were respectively 3'73 rag. (3‘06 mg. to 4’85 mg.) and 5*33 mg. (5'08 mg. to 5'72 mg.). 

Summary. 

1. An exhaustive study of tbe Willard and Winter’s technique of fluorine 
estimation has been made and improvements suggested. 

2. The improved technique is capable of estimating fluorine in amounts as 

low as 25 or 30 microgram witli an error not exceeding ± 6 per cent. ■ . 

3. Examination of a large number of body tissues, viz., bone, blood and flesh, 
shows a considerable accumulation of fluorine in the tissues of affected animals, and 
it is claimed that the examination, particularly of the concentration of fluorine in 
the pelvic bone and molars, caji be usefully employed in detecting fluorosis cases 
and localities. 

4. High fluorine concentrations are detectable in the water and soil samples 
but not in the feeding-stuffs of enzootic areas. 


The authors wish to record their appreciation and thanks for the interest taken 
in this study by Dr. K. C. Sen. 
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